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INTRODUGTIOW 
As a result of World War II, our nation, and the entire 
world is faced with shortages of food and feedstuffs. Thus 
it is ossential that we try to make more efficient use of all 
animal and vegetable products. Proper utilization of animal 
proteins involves the economical conversion into food prod­
ucts. 
In the past, poultrymen have used great quantities of 
milk and meat products in formulating diets. However, during 
World V/ar II, v;hen the supply of these products v/as limited, 
or too expensive to use, poultrymen were forced to turn to 
other sources of protein. Two of the products used were whole 
fish meal and fish scrap. Fortunately no serious troubles 
vfQVQ encountered, for most fish meals were found to be a good 
source of protein containing an ample supply of the more 
ossential amino acids, Hov;ever, in view of the fact that cer­
tain fish products contain a factor (or factors) which inter­
fere s) vrith thiamine utilization, it v^as thought wise to ex­
plore the seriousness of this problem in commercial fish prod­
ucts in common use in poultry diets. 
It T/as the purpose of this investigation to study; 
(l) the effects of feeding various commercial fish meals and 
heated and unheated fresh-frozen Carp tissue upon the thia­
mine requirement and development of the chick, (2) the effects 
of feeding various vegetable protein sources upon the thia~ 
mine roquirement and development of the chick, (3) the effects 
of feeding a diet consisting of a single source of supplemen­
tary protein as compared with a diet composed of three sources 
of supplementary protein upon the thiamine requirement and 
growth of the chick, (4) to devise a purified diet for use in 
support of the chemical test for detection of thiamine-
inactivating substances and observe the effects of feeding 
this diet upon thiamine requirement and chick growth. 
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REVIEW OF LITERATURE 
Historical 
Thiamine activity was first diacoverod through obser­
vations of students of the Oriental disease, beriberi. Takaki 
(1906), Director-General of the Medical Service of the Japa­
nese Navy, was one of the first to claim beriberi to be a 
dietary deficiency. By substituting other foodstuffs for a 
portion of the polished rice in the diet, ho succeeded in 
virtually eradicating beriberi from the Japanese Navy as early 
as 1884. 
EijkJ'/ian (I89O) observed that chickens fed scraps from a 
hospital kitchen developed a paralysis similar to that which 
occurred in beriberi patients. Later, by feeding polished 
rice to poultry, Eijkman (I896) experimentally produced a 
condition analogous to beriberi and referred to it as "poly­
neuritis gallinarum". The follovring year he reported that 
rice poliahings prevented this condition. Furthermore, Eijk-
man found that poultry developed symptoms of this disease 
when fed a starch diet almost exclusively, Grijns (I9OI) 
confirmed these findings and further demonstrated that the 
protective factor was destroyed by autoclaving at 120*^ C, 
He claimed the disease was simply a dietary deficiency, Hovr-
over. It Y/as after Fletcher (I909) and Fraser and Stanton 
(1911) demonstrated definite thiamine deficiency in humans 
that the dietary origin of beriberi became accepted to any 
groat extent beyond the confines of the Dutch East Indies, 
Punk (1911) concluded that polyneuritis in birds is duo 
to the lack of an essential substance in the diet. Jansen 
and Donath (I926) isolated a crystalline substance from rice 
polishings vjhich showed marked antineuritic activity. The 
structure of thiaiaine v/as reported by V/illiaras (1935, 1936J j 
it \ms synthesized by Williams and Oline (1936), 
Thiamine Deficiency 
General symptoms 
A review of the literature reveals that numerous workers 
have studied and observed the symptoms of thiamine deficiency. 
For the most part, similar effects have been reported even 
though different species have been used. Thus, there appears 
to be a rather characteristic pattern in the onset and prog­
ress of the symptoms. 
Vedder and Clark (I912) reported three typos of poly­
neuritis gallinarumi a form where symptoms of neuritis and 
general prostration are combined, one with pronounced neu­
ritis, but with the fowl remaining in good general health, and 
finally one vfhere symptoms of neuritis are absent, but vihere 
greater goiieral prostration occurs. 
Kline at al, (1932) repoi-ted that chickens fed an auto-
claved diet developed (severe polyneuritis symptoms at about 
eight days of age. Furthermore, Cruickshank (1935) observed 
that baby chicks fed a diet deficient in thiamine develop typi­
cal symptoms v/hen seven to 10 days of age, Sherv/ood and Couch 
(1944) found that thiamine deficiency symptoms in the fowl 
appear in 20 to 30 days after chickena are fed exclusively on 
polished rice. 
Anderson and Kulp (1922), Cruickshank (1935), Addinall 
(1937)> Titus (1941) and Hart and Cravens (1947) reported 
that the first apparent effect on poultry fed a thiamine de­
ficient diet is a loss of appetitej food consumption decreases 
until the chick refuses to eat at all, 
Anderson and Kulp (1922) and Titus (I94I) observed thia­
mine deficiency to result in loss of weight, emaciation and 
general weakness. Addinall (3.937) noted that follovfing the 
diminished desire to oat, there v^as an impairment of secretory 
and excretory function follovred by gastrointestinal lesions, 
Anderson and Kulp (1922) observed that accompanying the decline 
in weight was a similar decline in heat production, Sherwood 
and Couch (I944) reported that the body temperature of defi­
cient birds is sometimes lowered from a normal of 40,5°-42,8° C. 
to 36.6°-37.2° 0, (105°-109° F, to 98^-99° F,) These same 
workers also observed a decided loss of vfoight and ruffling 
of the feathers, 
Cruickshank (1935)j Addinall (1937)j Svmnk (I94O), Titus 
(1941)* Hart and Gravons (1947) and Sherwood and Couch (1946) 
reported that, due to impairment of the functional activity 
of the nerve cells, birds acquire characteristic polyneuritis— 
marked by chronic symptoms including various degrees of v)ing 
and leg weakness and spasticity and by acute syraptojns in 
which state the bird either remains with the back of the head 
nearly touching the spine or exorcises cartvihoel convulsions. 
In the terminal stages there are usually failures in body 
temperature regulation, 
SherviTood and Couch (1944) described the onset of paral­
ysis symptoms as follows—leg weakness is noted, closely fol-
lov/ed by an unsteady gait. Aa the deficiency continues, paral­
ysis of muscles develops, beginning with flexors of the toes, 
progressing upward and affecting extensor muscles of the legs, 
wing, neck and remainder of the body. The deficiency pro­
gresses from this stage with greater rapidity; the bird assumes 
a characteristic position in irhich it sits upon its flexed 
tarsometatarsus, If waUcing is attempted, it shuffles along 
upon the flexed tarsometatarsusj the extensor muscles are 
completely paralyzed, A general weakness develops with the 
paralysis, and the bird is usually no longer able to sit up 
but lies on its side. Many affected birds are unable to hold 
their wings in the usual position and they drag on the ground. 
Retraction of head is a frequent symptom as a result of paral­
ysis of anterior muscles in the neck. 
Svmnk and Bessoy (I94I) obisorved the more acutely the 
deficiency developed, the greater the tendency seemed to be 
for opisthotonos to be severe and sustained, accompanied by 
backward rolling and extensor rigidity of the legs and flap­
ping of the vfings. These workers found that opisthotonos of 
short duration xvas relieved in approximately one or two hours 
by 50 to 100 micrograms of thiaminoj smaller doses of thia­
mine required as long as eight to 12 hours. 
Several years previously, Findlay (I92I) observed that 
the main clinical symptoms of avian beriberi were all re­
ferable to a functional paralysis of the central nervous 
system. Swank (I94O) concluded that the opisthotonos of 
thiamine deficiency is a manifestation of decerebration duo 
to a functional impairment of neurons which have an inhibi­
tory influence upon the lower brain stem centers. On the 
other hand he claimed that the leg v/eakness is due to degen­
eration of peripheral nerve fibers within the sciatic nerve, 
Kngel and Phillips (I93Q) stated that there is lack of agree­
ment among investigators as to v/hether acute thiamine defi­
ciency causes degeneration of the nervous system. From the 
results of their own studies, they concluded that the chick 
with an uncomplicated thiamine deficiency showed no signs of 
nerve degeneration. 
Mouriquand et al, (1933) concluded that the nervous mani­
festations of thiamine deficiency are partly due to inanition 
and partly due to a disturbance of mechanisms concerned with 
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balance and muscle tonus. These are damaged cither at the 
higher center or at their afferent connections, 
Chastek paralysis 
During the past decade much study has been devoted to 
an abnorml condition (commonly called Chastek paralysis) 
vfhich occurs among foxes and ininks v^hich is comparable to 
thiamine deficiency in rats and chicks. This disorder de­
velops vfhen those species are fed certain kinds of rav) fish. 
Green (I938Q, 1938b) claimed that this disorder vms first 
observed on the Chastek Fox Farm at Glencoe, Minnesota in 
1932. Green et al, (1937) introduced the term, Chastek paral­
ysis, to designate the characteristic syndrome in foxes due 
to a dietary deficiency of the antineuritic vitamin. Those 
workers noted that the first symptom is an unnatural gait» 
Paralysis was observed a little laterj v/ithin 12 to 24 hours 
paralysis naa so severe that the animal was helpless. In 
many casos they found that the entire body vras involved in a 
spastic paralysis; the fox lay with legs rigidly extended and 
head drawn far back. Although foxes affected vfith Chastek 
paralysis somotimes lived several days, they usually died with­
in 24 hours, some of them immediately after development of 
symptoms, 
Green (1936) and Green and Evans (I94O) observed that 
this disorder resulted from feeding certain frozen raw fish. 
The first evidence of disease amoxig the foxes usually appeared 
throo to oijt weeks after the fish had been added to the diet. 
They noted that the aniraa.! showed only anorexia for a week or 
10 days after fioh fooding boganj then a few animla began to 
exhibit aigna of neurologic disturbances. Convulsions occa­
sionally occurred shortly before the affected animal died* 
Green (1937j 193Ba) and Hodson and Siaith (1942) concluded 
that Chastek paralysis is duo to a thiamine deficiency. Fur~ 
thermore, G-reen observed that in all outbreaks the dietary 
deficiencies were associated with the feeding of several vari­
eties of both fresh and salt water fishj the disorder dis­
appeared when feeding of fish was discontinuedj in no case 
\io.Q the deficiency noted vihen cooked fish or dry fish neal 
vrere fed, Alexander et al. (I94I) observed that a thorough 
boilint; of the fish will destroy the deleterious effect; how­
ever, the heat processing of canning did not always do so. 
Green and Evans (I940) reported that carp vras the most 
conraon specie of fish used on the ranches whore this disease 
has appeared; however, quillbackc;, mullets, suckers, and 
Atlantic whiting have also been incrimi.nated, Coombes (I94I) 
observed that the causative factor (or factors) is (are) in raw 
fish, principally carp, smelt and suckers. Green et al, 
(1941) and Green et al. (I942) demonstrated that Chastek 
paralysis can be produced by feeding a diet containing 20 per 
cant froaen carp and that adding sufficient synthetic thiamine 
to the diet protects foxes from this disorder. These workers 
observed that the agent in vrhole carp which is responsible 
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for Chaatok paralysis is located in tho ejttornal structure 
and in the viscera. Thus it is easy to see why feeding fish 
viscera and fish trimmings has boon found to be oven more 
conductive to tho development of Chastok paralysis than feed­
ing of whole fish. These same workers observed a delayed 
appearance of the disorder in groups of foxes given larger 
amounts of thiamine. Thoy concluded from this that fish 
do not destroy all of the thiamine in tho diet, but appear 
to destroy it proportionately to the amount v/hich is present* 
They concluded that ravj, ground fish or fish trimjidngs should 
not be mixed \vith all of the other food for more than three 
consecutive days, 
Sealock et al, (I921.3) and Liock and Agron (1944) re­
ported that Chastek paralysis represents an unusual type of 
vitamin deficiency disease in that it results from the destruc­
tion of dietary thiamine before absorption and utilization 
occur, Nogueira and Antunes (I944) reported that Chastek 
paralysis is a thiajiiine avitaminosis due to tho enzyiiiic de­
struction of thiamj.ne by the raw fish (carp). 
Chemistry and Physiology of Thiamine 
Properties 
The empirical formula for thiamine has been reported by 
Vailiams (1935) to be ^ thiaaolpyrimi-
dine compound. It is made synthetically and is sold as the 
-11-
salt, thiainino chloride. The substance is comparatively 
stable toward dry heatj is destroyed by autoclaving and by 
sulfitoaj is soluble in water and is difi'usiblej is insoluble 
in oils and fatsj is readily absorbed on charcoal and Puller's 
earth} exists in pyrophosphate ester form in certain plant and 
animal tissues, 
Williams ( 1 9 3 9 )  states that thiamine is soluble in Vfater, 
acetic acid and 70 to 80 per cent alcohol, but is insoluble 
in benzene. It is absorbed from acid or neutral solution by 
Fuller's earth, silica gel or Korit, and subsequently released 
by alkalinization or treatment with quinine. As the pH in­
creases beyond neutrality, thiamine becomes less stable, espe­
cially at elevated temperatures, Elvehjem (1943) states that 
thiamine hydrochloride is a virhite crystalline substance readily 
soluble in water and possessing a nut like and salty taste and 
a yeastlike odor. 
Functions 
Peters ( 1 9 3 6 ) ,  Carlstrom and Jonsson ( 1 9 3 9 ) ?  Klein (I94O), 
Sherwood and Couch (194S) and Sievert and Fairbanks (I946) 
state that thiamine acts as a catalyst in carbohydrate metab­
olism and is essential for the oxidative removal of one of 
the lower degradation products of carbohydrate metabolism. 
These workers all agree that thiamine is essential for forma­
tion of certain enzymes needed for carbohydrate metabolism 
and that in absence of thiamine, the organism is unable to 
-12-
oxidiae pyruvic acid. 
Williams (1937J, Elvohjem (1943) and Woods (1947) re­
vealed that thiamine occurs as a pyrophosphate in the co­
enzyme carboxylase which is essential for oxidative removal 
of pyruvic acid, an intermediate in carbohydrate metabolism. 
Bolitser (1938) suggested a double function for thiamine, 
namely (l) transition into cocarboxylase and (2) conversion 
into a reduction-oxidation catalyst for oxidative decarbox­
ylation of pyroracemic acid^ Banga et al. (1939) demon­
strated that thiamine pyrophosphate is necessary for the 
proper catabolism of pyruvic acid in experimental animals, 
Jolliffe (1942) stated that cocarboxylase functions in the 
decarboxylation of pyruvic acid which is a normal inter­
mediary in metabolism of carbohydrate in vitro and in vivo. 
In absence of thiamine, norJoal oxidative metabolism vdthin 
cells is inhibited, resulting in characteristic functional 
disturbances of the nervous system, 
Elvehjem (1943) and V/oods (1947) concluded that in a 
thiamine deficiency, metabolism of carbohydrate is incomplete 
and pyruvic acid accumulates in tissues. Thiamine is there­
fore essential for normal functioning of all body organs and 
tissues, Abderhalden (1947) concluded that thiamine acts as 
the coenzyme with a protein component (apoenzyme) in the en­
zyme system, decarboxylase. 
Lardy (I948) concluded that the single reaction of thia­
mine pyrophoaphate-catalysis of pyruvate decarboxylation ade-
-13-
quatoly explains the biological function of thiainino. Without 
adequate amounts of dietary thiajiiine, tisaues cannot elaborate 
the required amount of thiaiaine pyrophosphate and some of the 
enzyme carboxylase must bo idle for want of coenzyme. The 
resulting accumulation of pyruvic acid is claimed to bo, to a 
large degree, responsible for the acute symptoms, such as head 
retractions in birds and convulsions in rats, 
Titus (1941) and Mussehl and Ackers on (1946) concluded 
that in poulti'y thiajnine is necessary for grovfth, maintenance 
of appetite, normal condition of the intestinal tract and for 
preventing the nerve disorder known as polyneuritis. 
Analyses and methods of determination 
Biological. The U. S, P, (I942) method for thiamine 
assay is based on effecting a cure of polyneuritis in the rat. 
Young animals are maintained on a thiamine-free diet until 
they 3ho\v positive signs of thiamine deficiency (polyneuritis). 
Then each rat is "standardized" by curing the polyneuritis 
vfith a predetermined dose of U, S, P, Reference Standard, The 
duration of the cure io noted for each rat. Polyneuritis is 
allowed to develop again by renev;-ed thiamine depletion and the 
assay material is fed to each rat at a dosage v^hich, it is be­
lieved, will provide the same amount of thiamine as the Standard, 
y/hon groups of rats fed the assay material are cured of poly­
neuritis in the same length of time as when fed the dose of 
Standard, the assay material is considered to bo of equivalent 
•14~ 
U, S, p. thiajiiino unitage, 
. Melnick and Field (1939) discussed a 
chojnical method for tho determination of thiamine vrhich makes 
use of the color reaction of tho thiazole group of thiamine 
vdth diaaotiaed p-aminoacetophonone. The intensity of color 
is proportional to amount of thiamin© proaent and is measured 
in a colorimeter* 
Fermentation. Schultz, et al« (1942) reported on a fer­
mentation method vjhich makes use of the fact that yeast is 
stimulated by presence of small amounts of thiamine. Stimula­
tion causod by the test sample is compared with that caused 
by pure thiamine in knovrn quantity and from this comparison 
tho vitamin content of the unknown can bo computed. 
yeast grovith method for thiamine assay. The turbidity pro­
duced is measured by yeast grovrth in the basal medium and in 
the presence of added thiamine or the unknovni. Pure thiamine 
hydrochloride serves as tho standard. 
Thiochrome. Conner and Straub (1941) described a thia­
mine determination based on oxidation of the compound by po­
tassium ferricyanido in alkaline medium to thiochrome. This 
latter compound gives a violet-blue fluorescence in ultra­
violet light which is readily measured quantitatively. 
Enzymatic inactlvation of thiamine 
Spitzer et al, (I94I) suggested that the mechanism of 
. Williams at al, (I94I) described a 
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Inactivation of thianiine by fish products jaay be enzymatic, 
VJoolley (1941) reported that inactivation is either an eniay-
matic degradation or a binding of the thiamine molecule mak­
ing it unavailable to the living organism, Deutsch and Ott 
(1942) state that inactivation of thiamine does not appear to 
be due to the formation of thiamine complexes labile to hy-
dro3.ysis or to the non-ensymatic splitting of the thiamine 
molecule, but rather is due to enzymatic degradation. 
Ovven and Ferrebee (1943) state that the antithiamine fac­
tor is destroyed by heating and by drying in air at room tem­
perature, Krampitz and VJoolley (I944) proved the enzymatic 
nature of the compound. It vms shown by isolating fragments 
of thiamine by the action of fish tissue. The reaction in­
volves a hydrolytic cleavage of the vitamin betvreen the 
pyrimidine and thiazole rings, Linevreaver and Jansen (1945) 
isolated and identified the fission fragments as 4~niethyl-5-
hydroxyethylthiazole and 2-mothyl-4-'amino-hydroxymethylpyrimi-
dine. They also proved that the inactivation of thiamine by 
a heat-labile factor in fish tissue is an enzyiaatic rather 
than a stoichiometric reaction, as is the inactivation of 
biotin by avidin. 
Through investigations of Sealock et al, (I943) and 
Krampitz and Woolley (I944) it has been further shovm that 
thiamine is inactivated by enzymes present in viacora of carp, 
Blagvat and Devi (1944) demonstrated that extracts made from 
viscera and blood of freshly killed carp vfith a mixture of 
-16-
chloroforin and water contained an enzyme capable of destroy­
ing thiaiaine, Sealock and Goodlcmd (l9^^4) reported that thia­
mine probably combinos with the fish principle to form an 
enzymo-thiaBiino complex vihich docomposos to yield the two 
products of the reaction and the regenerated enzyme, 
Woolley (1947) stated that the thianiinase of aquatic 
animals is an enzyme which splits thiaiaine at the methylene 
bridge. Neilands (1947) showed that the fresh water fish 
were higher in thiaminase than salt water fish; however, the 
enzyme was present in certain marine forms. Yudkin (1945) 
observed occurrence of thiaminase in only one salt water spe­
cies, Atlantic herring, 
Soodak and Cerecedo (1944) observed that oxythiamine in­
hibits the action of thiaminase. 
Destruction of thiamine and thiaminase 
Farrer (I94I) presented data indicating that pH has an 
influence on the rate of destruction of thiamine. On boiling, 
complete destruction occurred in 15 minutes at pH 9 and in 
one hour at pH £5j however, in one per cent HCl solution, no 
destruction occurred even after seven hours. In each case the 
rate of destruction ims greatest in the initial stages of 
heating. Furthermore, results of studies by Farrer (1945®-) 
indicate that the velocity of reaction in buffer solutions 
invariably increases with pHj hov/ever, it varies among buffer 
mixtures. The relationship between reaction velocity and 
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H~ion is linear* 
Parror (1945b) stated that rate of destruction of cocar-
boxylaae is generally much greater than that of thiamine. 
It haa been reported by Elvehjem et al, (1932) that thia­
mine in a natui'al diet i3 destroyed completely when the diet 
is autoclaved at 120° G, for five hours. 
Observations made by Coombes (1939) i|ndicate that cook­
ing fish in an open vessel, pressure cooker or autoclave elim­
inates the thiaraine-destructivo action of this product. 
Coombes (I941) stated that the evidence at that time indicated 
that there is an actual chemical destruction or inactivation 
of thiamine in the feed jnixture containing raw fish prior to 
its consuiwption by animals. 
Deutsch and Ott (1942) observed that crystalline thiamine 
hydrochloride and the pyrophosphate ester are completely de­
stroyed by a factor in raw smelt. Using chemical and fermenta­
tion procedures for determination of thiamine, Sealock, et al. 
(1942) found that incubation of the vitaMn with fish tissues, 
principally viscera, causes extensive inactivation. The in­
activation reaction exhibits maxima at pH 9.0 and 60° C, 
Ovfen and Ferrebee (1943) concluded that the destructive 
reaction v/ith thiamine is definitely extrinsic because the 
factor itself is destroyed by peptic digestion. Since the 
factor is destroyed by cooking or by drying, the only oppor­
tunity for it significantly affecting thiamine nutrition lies 
in those occasions where the major thiamine-containing con-
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stituonta of the diet are jnixed vjith whole fiah and the mix­
ture is allowed to stand for some time before being cooked, 
oaten or dried. 
Field et al, (1943) found thtvt thiamine viaa absent in 
carp blood and that five milliliters of carp blood inactivated 
one to two micrograms of thiamine, Blagvat and Devi (1944) 
found that thiamine in yeaat, liver and heart was destroyed by 
carp muscle extracts. Investigations of Beloff and Stern (1945) 
revealed that the inhibition of yeast cocarboxylaae and the 
destruction of oocarboxylase by saline extracts of acetone-
dried carp spleen tissue appear to be established as an exper­
imental fact. 
Lieck and Agren (1944) found 10 out of 21 fresh water fish 
examined contained a factor in the viscera v/hich inactivates 
thiamine, whereas only one out of nine salt water fish contained 
this factor. Furthermore, Deutsch and Hasler (1943) demon­
strated that the ability to destroy thiamine occurred fre­
quently among fresh water fish, but not in any salt v/ater spe­
cies analyzed. Goldbeck (1947) found the antithiamine factor 
in the flesh of only a fev/ species of fish, Jacobsohn and 
Azevedo (1947) found tissue from shrimp and some mussels to 
be rich in the enzyme which destroys thiamine, 
Lee (1948) stated that the thiamine-destructive factor 
was the first "anti-vitamin" to be reported. Antithiamine 
activity of bracken fern has been reported by Haag et al, 
(1947) and Haag and Vfeswig (1948). The investigations were 
conducted using rata as tho experimental animal. The rats fed 
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3uch diets developed typical thiamine deficient symptoms and 
vfere cured by administration of thiamine per os. 
Investigations conducted by Woolley and VHiite (1943) 
vealed that the pyridine analogue of thiamine called pyri-
thiamine ia one of the most active vitamin antagonists thus 
far studied. They observed that feeding pyrithiamine to mice 
caused appearance of characteristic symptoms of thiamine de­
ficiency, and that the deficiency was prevented or cured by 
sufficient amounts of thiamine. 
Storage 
Steenbock et al. (1923)* Sherman and MacArthur (192?) 
and VVostenbrink (1932, 1934) stated there is little capacity 
on the part of the animal body to store thiamine. It is thus 
important that the daily diet include an adequate supply of 
this vitamin. However, the latter worker stated that rela­
tively higher concentrations of thiamine are found in the 
liver, kidneys, heart, muscles and brain. The amount present 
is enough to maintain proper life for a fevr days only. 
Diet in Relation to Thiamine Hequiremonts 
Investigations conducted by Arnold and Elvehjem (I938) 
revealed that with samples of crystalline, synthetic thiamine 
chicks are protected vfhen fed 60 to 80 micrograms per 100 grams 
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of diet. 
The United States Pharmacopoeia (1939) cind Jukaa and 
Heitman (I940) reported that the estimted thiamin© require­
ment of the chick (based on preventing polyneuritis) was bo-
tvfeen 130 and 150 micrograms per 100 grams of diet. These 
workers observed that the grovfth of chicks vms not improved 
by increasing the level of thiajnine in the diet beyond 100 
micrograms per 100 grams of diet. 
Relation to carbohydrate 
Lecoq (1934) stated that absence of thiamine in presence 
of glucoside produced attacks of polyneuritis typical of 
thiamine avitaminosis which were rapidly follovfed by death, 
Hov/ever, preventive or curative addition of brewers yeast en­
sured maintenance of recovery of health in all birds, pro­
vided the diet itself was properly balanced. The nature of 
the specific glucosides exerts a considerable influence on 
rate of evolution of total thiamine avitaminosisj it also has 
an influence on the dosage of thiamine required to maintain 
birds in a satisfactory physiological condition. Individual 
effects of these compounds can be attenuated vihen they are 
combined in more complex molecules, for example levulose in 
sucrose or inulin. Digestibility of glucosides controls, to 
a considerable extent, the requirements for thiamine. They 
are noticeably reduced with diets comprised largely of potato 
starch, while they are especially high with diets based on 
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glucoso or sucrose. With substantially equal digestibility, 
thiamine requirements seem greater with glucosides. 
Result of investigations by Lunde (1939) reveal that if 
the level of carbohydrate is raised, the organism v/ill require 
more thiamine, Cowgill (1939) concluded that a high carbohy­
drate diet is much more effective in producing symptoms of 
thiamine avitaminosis than one high in fat. This is supported 
by findings of Sakurai and Omori (1940), 
Relation to protein 
Hogan and Pilchor (1933) observed addition of thiamine 
supplements to either low or high protein diets accelerates 
growth rate slightlyj however, the acceleration can be ascribed 
to the calorific value of the supplement. When the percentage 
of protein in the diet is increased, rate of grovfth increases 
also* The amount of protein necessary for a certain rate of 
growth does not vary with amount of thiajidne supplied. If a 
diet is deficient in both protein and thiamine, it is made 
more adequate for growth by separately increasing the amount 
of either constituent. 
Experimental investigations reported by Lecoq (1934) 
claimed that the special nature of proteins exert considerable 
influence on the x'ate of evolution of total thiajnine avitamin­
osis and also on the dosago of the vitamin required to maintain 
birds in a satisfactory physiological condition. Digestibility 
of proteins controlled to a considerable extent the require­
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ments for thiamlnej they were considerably/ reduced with diets 
comprised largely of beef muscle and increased with diets con­
taining peptones. Presence in the diet of large proportions 
of certain substances, for exajnple galactose, lactose and to 
some extent muscle peptone, unbalances the diet so that its 
equilibrium could not be^ restored with brewers' yeast in 
amounts sufficient for a normal diet. In rebalancing a diet 
containing such substances, addition of unpeptonized proteins 
apparently played an important part. These proteins exercise 
a reserve action toviard thiandne, 
Houston and Kon (1939) are of the opinion that in addition 
to a free thiamine, there is present in milk a thiamine-probein 
complex, and that the bound thiamine is not absorbed, but is 
a constituent of the protein molecule, Banerji and Yudkin 
(1942) state that earlier v;ork has shown that rats can thrive 
on a diet free from thiajiiine, if it contains a largo propor­
tion of protein, 
Evans ot al, (1934b) noted that the sparing effect of 
high protein diets is considerable, amounting to a third of 
the normal requirement. On the other hand, it has been re­
ported by Borgstrom and Hammarsten (1944) that increasing the 
protein necessitates a higher thiamine supply, 
Beveridge Cl947b), conducting a study of the nutritive 
value of marine products, found halibut, ling cod and lemon 
sole were of negligible value in supplying thiamine. This 
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worker stated the question of effect of differences in amino 
acid composition of proteins of fish preparations on thiamine 
requirement has been raised. He feels, although it is true 
that amino acid composition of those substances differs 
slightly, the possibility is extremely small that these 
slight differences superimposed on a diet, already adequate 
in protein, would exert any demonstrable effect on require­
ments of thiamine. 
Relation to fat 
Evans and Lepkovslcy (1926) state that there is common, 
acceptance of the idea that fat spares thiamine. This is also 
substantiated by Elvehjem (1943) vrho observed that diets high 
in fat have a definite sparing action on requirements of thia-
jaine in both rats and dogs. This is undoubtedly because fat 
metabolism does not require cocarboxylase. Banerji and Yudkin 
(1942) state that earlier xvork has shown that rats can thrive 
on a diet free of thiamine, if it contains a large proportion 
of fat. Previously Lecoq (1934) observed that rate of intes­
tinal assimilation of lipides controls, to a considerable ex­
tent, the requirements for thiamine. They were notably re­
duced in diets comprising some cod-liver oilj they were es­
pecially high in diets based on olive oil. Addition of 
lipides plays an important part, apparently exercising a re­
serve action toward thiamine supplied by the diet or present 
in the organism, Evans et al, (193/ii'^) obsQi'ved that thiamine 
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requiromont was roduoed to one~third by adding fat in the 
ajnount of 50 per cent of the basal diet. Furthermore, Lardy 
(1948) has ahovm that, for many apecics of animals, thiamine 
requirement can be reduced by substituting fat isocalorically 
for carbohydrate in the diet. 
Animals fed such diets not only fail to show symptoms of 
thiamine deficiency, but actually grovf viell and are apparently 
healthy despite the fact that their tissues are extremely low 
in thiamine, 
Relation to feeding fish and fish products 
Spitzer et al. (I941) demonstrated that a typical thia­
mine avitaminoais can be produced in the chick by feeding 25 
per cent ravr ivholo carp in a diet that ia otherwise adequate 
in thiaji±ne. These workers varified observations previously 
made vtith foxes that the factor (or factors) found in ravr carp 
is heat-labile, since cooking the fish rendered them safe, 
Likevfise these workers confirmed previous findings that actual 
inactivation of thiamine by raw carp takes place within the 
feed mixture itself and that level of inactivation depends 
upon length of time the fish is in contact with the food mix­
ture. 
Sealock et al, (1943) concluded that since the addition 
of sufficient thiamine to a diet containing fish prevents the 
deficiency, some component of the fish tissue is responsible 
for thiajaine loss. Furthermore, these viorkers found this loss 
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takes place during the mixing of the tissues with the thiainine-
containing portions of the diet and in the digestive tracts. 
They found also that the principle is present in the mjority 
of visceral tissues of carp; however, the spleen, liver, pan­
creas, gastrointestinal tract and gills contain the highest 
concentration. Preparation of stable dry powders were ob­
tained from active fish tissue by acetone treatment, 
Schneberger (I94I) observed that feeding canned carp to 
hatchery fish leads to thiamine deficiency unless fresh moat 
and thiamine are added to the diet at regular intervals* 
Ov/en and Ferrebee (1943) observed a thiamine deficiency 
disease following consumption of carp, Atlantic Coast v/hiting. 
Pacific Coast mackerel. Lake Superior and Lake 3J[ichigan herr­
ing, suckers, smelts, mullets and great northern pike. They 
also demonstrated the factor responsible is present in large 
quantity in carp viscera, and to a less extent in the heads, 
skin and scales. 
Chven and Ferrebee (I943) reported that it is not the 
amount of fish present in the diet that is important, but 
rather the thiamine content of the diet as a whole and the 
length of time during vrhich fresh, ravf fish is allovfed to 
stand in contact v^ith thianiine-containing foods. These workers 
vfere of the opinion that the intimate mixing of thiamine-
containing constituents of the diet with rav/ fish is essential 
for the production of a deficiency. They found that feeding 
raw fish as a separate meal was harmless. 
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Smith and Proutt (I944) fed cats a diet consisting ex­
clusively of either raw carp, herring, catfish, buttorfish 
or spots. They found that carp and herring produced a thia-
laine deficiency. The cats developed all the signs of thia­
mine deficiency, including convulsions within 23 to 40 days3 
aniiuals given subcutaneous injections of thiamine when signs 
of deficiency vfere vrell advanced recovered without exception. 
V/olf (1942) described a fish-diet disease of trout, v/hich, 
like Chastek paralysis, is a thiamine avitaminosis caused by 
destruction of thiamine in the diet mixtures which contain 
fish. 
Relation to temperature 
Mills (1941) reported that the thiamine requirement 
for rats is twice as high at 33° C* 18° C, Protec­
tion against the severe effects of excessive heat is aided 
by an accessory thiamine intake above the ordinary daily 
need. 
Kline et al, (1945) observed that an increase in environ­
mental temperature resulted in a decrease in thiamine require­
ment of the x'at. It appears that this decrease approximates 
the decrease in caloric requirement at the elevated temperature. 
Mills et al, (1947) showed that the polyneuritis thresh­
old for chicks is one milligram thiamine per kilogram of diet 
at moderate temperatures and three milligrams per kilogram at 
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tropical toiaperatures, 
SouroGs 
Cruickshank (1935) stated that thiamine is widely dis­
tributed among natui'al foodstuffs. It is present in greatest 
amount in yeast, egg yolk, liver and the embryo of cereals 
and to a lesser extent in green plants, 
Lunde et al, (193S), by use of the bradycardia method, 
found fish flesh contained 20 International Units of thiamine 
per 100 grams3 cod liver contained 100 International Units 
per 100 grams; fish liver from other species varied from 50 
to 100 International Units per 100 grams. Cod roe averaged 
400 International Units per 100 grams; the roe of other lean 
fish was also rich in this vitaiidn; on the other hand, herring 
roe vms a poor source of this dietary essential, 
Elvehjem (1943) reported that thiamine occurs in foods 
and tissues both in the free form and as thiajidne pyrophos­
phate or cocarboxylase, This same vrorker also stated that 
only a fevj- foods can be classified as rich sources of thiamine. 
They include peas, beans, oatmeal, whole meat, lean pork and 
peanuts, 
Breed and Variety Differences 
Reaistance 
It has been reported by Lamoreux and Hutt (1939) that 
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V/hite Leghorns differ from Rhode Island Rods and Barred Plym­
outh Rocks in possessing a marked resistance to thiamine de­
ficiency. 
Genetic variation 
Scrimshav/ et al, (I945) observed that thiamine content 
of eggs of one of the common breeds of domestic fov;l differs 
markedly from that in tv-ro others. For White Leghorns the 
amount of thiajuine (297 micrograms per 100 grams of yolk) vms 
66 per cent greater than that in eggs of Rhode Island Reds 
(167 iuicrograms) and 60 per cent greater than the figure for 
Barred Plymouth Rocks (175 micrograms). The sjnall differences 
betvreen Rhode Island Reds and Barred Plymouth Rocks were not 
significant; however, the difference between the Leghorn eggs 
and the eggs of the heavy breeds vmo highly significant. It 
is believed that White Leghorns must differ genetically from 
Rhode Island Reda and from Barred Plymouth Rocks in being able 
to utilize more efficiently the thiamine in their diets. 
Biological Value of Fish Products 
Harrison et al, (1935) indicated that increasing use of 
fish meal for animal feeding in the United States has been 
stimulated and accompanied by a growing recognition of the 
natural high quality of marine products. 
It has been stated by Kraybill and Wilson (I947) that 
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poultry and sv^ino producers are finding fish meals to be one 
of the best aourcea of animal protein for balancing diets. 
During vfartime ahortagea of protein concentrates, it vms found 
that a small per cent of fish meal would balance the cereal 
proteins to furnish reasonably good growth and production. 
Robertson et al, (I940) observed gross protein values for 
47 samples of protein supplements. They found herring meals 
T;^ere 101, pilchard 96, sardine 95> salmon 86, meat meals 55, 
soybean meals 78, dried Alaska pea meals 61, dried skim milk 
87j dried buttermilk 92, dehydrated alfalfa 37 and copra moal 
22. Fish meals prepared from whole fish had higher gross 
values than fish meal made from parts of fish. The sources of 
fish meal had more influence on gross values than method of 
jnanufacture. Lanham and Nilson (1947) found that meal pre­
pared from pilchard, menhaden and ground fish fillet scrap 
proved to be an excellent protein source for growing chicks. 
Furthermore, these workers reported that commercial fish meals 
fed v/ere excellent sources of protein, and could be incor~ 
porated in rather large amounts into a properly balanced diet 
v/ithout deleterious effects, 
Beveridge (1947a)stated that casein has a biological 
value definitely below those of halibut and beef flesh pro­
teins. 
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METIIOD OF PROCEDURE 
Plan of Investigation 
In viev; of the fact that pi'evious v/ork indicated certain 
kinds of fish tissue contain a factor (or factors} which de-
stroyCa) or inactivateCs) thiamine, it was felt wise to in­
vestigate various commercial fish meals for the presence and 
amount of this factor or these factors. 
A total of nine samples of commercial fish meal and fish 
scrap were obtained for use in this study. Samples wore ob­
tained from representative fish supply houses on the V^est and 
East coasts and in the Ididdlo V/est, In addition, samples of 
fresh Carp tissues vfere obtained from Spirit Lake, lovra. All 
of these fish products were tested ohertiically for presence of 
1 tho thiamino-inactivating factor. 
The plan of the preliminary experiment was to use an 
autoclaved basal diet reported by Arnold and Elvehjem (1938) 
to be satisfactory for studying thiamine deficiencies. This 
diet, hereafter referred to as basal diet #1, was fed with 
addition of 0, 50 and 80 micrograms thiamine per 100 grams of 
Tho chemical teats for the various commercial fish meals 
vforo made through the courtesy of Dr, Hilda White of the 
Chemistry Department, 
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diotj and xirith 50 micrograms •bhia/nine in the presence of 
both 10 and 20 por cent Anchovy, iAackorol, Sardine and Tuna 
fish meals, 
The level of 50 micrograjns thiainine per 100 grajns of 
basal diet v/as fed with the tvfo levels of fish moals since 
it was believed this was marginal, thus permitting the pre­
sence of thiaminase to exert itself readily. Levels of 10 
and 20 per cent of the various fish meals were selected as 
representing practical and excessive levels for poultry diets. 
Results of the preliminai'y experiment revealed that 50 
j:!dcrograffi3 thiaroine per 100 grams of diet did not prevent 
development of thiamine deficiencyj in addition, satisfactory 
growth vms not obtained, Therefore, the plan of Experiment 
II was to use levels of 60, 70 and 60 micrograms thiamine per 
100 grams of diet vrith a modified diet, referred to hereafter 
as basal diet #2. In addition, this diet had a combination of 
crude commercial casein, corn gluten meal and soybean oil 
moal, rather than casein as a single source of supplomentary 
protein, Tviro of the fish moals used (10 per cent Menhaden I 
and 10 per cent Tuna) were thoao that indicated possible thia~ 
ininaae by the chemical test. The other two fish products used 
were samples of fish scrap (of unknovm source obtained from a 
commercial company) referred to hereafter as Hj and Hjj, It 
was decided to use only the 10 per cent level of fish meals 
in Experiment II, 
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Rosults of tho second experiment revealed that basal diet 
\ 
#2 3upplejuonted with 60 micrograms thiamine per 100 grams of 
diet gave adequate protection against thiamine deficiency; 
hov/over, it resulted in a complicated dietary deficiency (pan­
tothenic acid). The plan of the third experiment v/as to study 
the influence of feeding basal diet rf2 (suppleraentod with 20, 
30, 40, 50 and 60 micrograms of thiamine per 100 grams of 
diet) plus 10 per cent Honhaden I and Tuna fish meal. It was 
believed that use of these levels vrould reveal the critical 
level that viould provide adequate protection against thiamine 
deficiency and also v/hether or not the fish meals possessed 
antithiamine activity. 
Since the number of chicks per lot v;as smll in Experi­
ment III, it vms felt advisable to repeat the experiment. 
Therefore, the plan for Experiment IV involved feeding basal 
diet //2 plus 10 and 20 per cent Menhaden I and Tuna fish meals 
at 0, 20, 30, 40 and 50 micrograms thiajjiine per 100 grams of 
diet. 
Since the autoclaved cereal grain basal diet #2 produced 
variable results and vms time consuming and laborious to pre­
pare, it vfas desired to formulate a more standardized, puri­
fied diet that could be successfully used in thiamine studies. 
Therefore, a second phase of Experiment IV was to make a pre­
liminary study of the performance of the modified, purified 
basal diet, referred to hereafter as basal diet r/3. This diet 
is a modification of a diet reported by Jukes and, Stokstad 
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(1946). In. an effort to determine the thianiine requlreiaont 
in this diet thiamine v;as incorporated at levels of 0, 20, 
40, 60 and 80 micrograms per 100 grams of diet. 
The plan of the fifth experiment was, in part, to qualify 
findings of the preliminary observations of the performance of 
the modified, purified basal diet //3 used in Experiment IV, 
and to study effects on thiamine requirements when 10 per 
cent of each of the nine commercial fish products, crude com­
mercial caaoin, corn gluten meal and soybean oil meal were in­
corporated into it. 
Experiment VI, designed as a biological tost for pre­
sence or absence of the thiamine inactivating substances, vms 
planned to demonstrate effects of feeding basal diet //3 sup­
plemented with 100 micrograms thiamine per 100 grams of diet 
plus 10 per cent heated and unheated freah-frozen carp viscera. 
The six experiments in the investigation involved the use 
of 116 lots with a total of 615 chicks. 
Materials and Methods 
Day-old Single Oomb White Leghorn chicks were used through­
out all lots in all six experiments. The straight-run chicks 
for Experiment I, II and VI v^ere obtained at the College 
Poultry Farm from hatching eggs of flock-mated yearling hens. 
Chicks for Experiment III, IV and V were obtained from a 
commercial hatcheryj chicks for Experiment III and IV were 
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straight-run; sexed pullots were used in Experiment V, The 
purchased chicks were from a single cross of two strains of 
Single Comb White Leghorns, 
Ohicks Tfere brooded in JaIaes^vay electric battery brooders 
of the back-warmer type. Chicks for all six experiments were 
brooded in a basement room at the Campus Poultry Laboratory. 
When needed, heat was provided by steam radiation. The tem­
perature was maintained at approximately 21° C, (70° F.). 
Temperature of the individual heating units in the brooder 
throughout all lots was adjusted to 33-35° (92-95° F.); the 
temperature vfas reduced 2° C, (3° F.) every three days through 
the third vfeek or until the temperature was reduced to 21° C. 
Ventilation was regulated by proper adjustment of v^indows. 
Ten chicks per lot were used for Experiment I, In Ex­
periment II, five chicks per lot (in replicate) were used in 
six lots and four chicks per lot (in replicate) were used in 
10 lots. The difference in number of chicks per lot in this 
experiment was the result of a poorer hatch than was anti­
cipated. Five chicks per lot v;ero used in Experiment III, IV, 
V and VI to minimize expenses. 
The three different basal diets and variable constituents 
used during the various experimental periods, together v/ith 
their partial analysis are listed in the Appendix (Tables I 
to X), 
Basal diet i/i^l was composed of autoclaved natural food 
sources and contained crude comjnercial casein as a single 
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supplomentary protein. Basal diot §2 vms likewise composed 
of autoclGved natural food sources, but contained crude com­
mercial casein, corn gluten meal and soybean oil moal as 
supplementary proteins. As stated previously the change from 
basal ^ 1 to basal //2 vms an endeavor to obtain better grovrbh. 
Basal diet ^3 consisted of purified carbohydrates, proteins, 
fiber, fats, minerals and vitamins. As indicated previously, 
the reason for use of a purified basal was to eliminate the 
use of unknovm factors contained in autoclaved natural food 
substances, and thus have a more standardized basal diet, as 
well as to eliminate the time-consuming autoclaving operation. 
Constituents to bo heat treated, were spread in shallow 
pans and viere autoclaved for five hours at 15 pounds of pres­
sure. 
The experimental diets were mixed twice a week. The 
purified diets, to which the fresh-frozen carp viscera was 
added, v/ere stored in metal containers in a cooler maintained 
at 1-2° G, (35° F.). Pre-mixes Vforo made for the minerals, 
amino acids, v/ater soluble and fat soluble vitamins. The de-
aired quantity of each pre-raix was then incorporated into the 
other ingredients of the diet, A small, electric, Kitchen-
Aid mixer v/as used in making the pro-mixea, whereas a 40 quart, 
electric, Hobart mixer was used for compounding the various 
diets, 
Chicks receiving basal diot //I and #2 were given orally 
two drops of concentrated vitamin A and D feeding oil tv/o 
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times per week to insure an .adequate quantity of vitamins A 
and D, 
Thiamine was added to basal diet //I and #2 by addition 
of the thiamine solution to a weighed quantity of vfheat gray 
shorts as a pro-inixj this in turn was incorporated into the 
diet. With basal diet the desired amount of thiajtdne 
solution vms added dropwise to other ingredients of the diet 
and mixed for a period of 15 minutes. 
The feeding oil incorporated into basal j^^l and //2 was 
first mixed into wheat gray shorts and this in turn ^ ms added 
to other constituents and thoroughly mixed for 15 ininutes. 
The viscera used in Experiment VI v/as obtained from 
frozen carp that had been stored at -26° C, This had been 
frozen shortly after being caught, and had been in storage 
approximately one year, 
lixperimental Procedure 
At time of banding and distribution of chicks into vari­
ous lots, special care was exorcised to eliminate any possible 
bias. The total number of bands needed for the combined 
group of lots was counted out, and proper identification — 
lot, chick numbers and letters — v;ero stamped onto the bands. 
The bands were placed in a box, thoroughly mixed, selected at 
random and placed on the chicks vj-hich were also selected at 
random. The chicks were sorted into their respective lots 
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according to iving band numbera. 
Twice weekly feed consumption and individual chick vfeight 
records vtevo kept throughout all six experiments. The chicks 
were observed carefully numerous times daily throughout the 
entire experimental period. Any abnormalities and thiamine 
deficiency symptoms vrere noted and recorded. Deficient chicks 
reaching the stage of exhaustion were given oral, curative 
doses of thiamine, A necropsy was performed of all chicks 
that died and observations were made for any abnormalities 
and for sex. 
Photographs were taken of representative birds from the 
various lots to illustrate the production of topical thiamine 
deficiency symptoms and their cure by oral administration of 
small quantities of a thiamine solution,^ 
Using a modified A, 0, A, C. (1945) method, moisture 
content v;as determined for the principal ingredients used in 
basal diet //I and //2, and for each of the diets fed in all 
six experiments. Approximately two gram samples v;ere dried 
in standard metal drying pans in a vacuum oven for five hours 
at 96° 0, and then placed in a desiccator to cool for one 
hour. The samples were vreighed, placed in the vacuum drying 
oven for an additional two hours, removed, cooled for one hour 
and vreighed, 
^Tho photographs were made by L, F, Bradish, Iowa State 
College Photographer, 
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Protoin determinations vroro raado for principle individual 
ingredients used and for diets fed in all six experiments. 
The A. 0, A, C, (I945) method of analysis whereby the nitrogen 
was determined by the Kjeldahl method and this value multi­
plied by 6.25 to give per cent protein. 
An analysis of variance Vfac made for the 21 day chick 
vreights for the various diets used. The method used v/as that 
of Snedecor (I946). 
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EXPERIMENTAL RESULTS 
Experiment I 
Ob.iective 
This prelijninary experiment waa conducted as an orienta­
tion study to demonstrate the characteristic thiamine defi~ 
cioncy symptoms of the chick, and to become acquainted with 
some of the problems involved in such a study. 
Observed thiamine deficiency symotoma in the chick 
Time of occurrence i Table I reveals that basal diet //I 
with 0 thiamine supplement gave typical cases of deficiencies 
by the seventh day of the experimental period. Whereas, vrhen 
the diet waa supplemented with 50 micrograms thiamine per 100 
grams of diet, the deficiency v/as not expressed until the 
twelfth day and then in only one chick. Eighty micrograms 
thiamine per 100 grams of diet gave complete protection. Addi­
tion of various fish meals did not appear to effect the onset 
or severity of thiamine deficiency. In most cases only one 
chick exhibited evidence of a deficiency. 
Nature of symptoms. The early symptoms of thiamine de­
ficiency noted were listlessness, droopiness, ruffled plumage, 
emaciation and mild incoordinated tremorous movoments of the 
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Table I 
Tixae Required for Onset of Thiamine Deficiency — Experiment I 
Lots 
Days 0 1 2 3 4 5 6 7 8 9 10 
7 
8 
9 
10 
12 
15 
16 
17 
19 
3 
5 
1 
1 
1 
1 
1 
1 
2 
1 
1 
Totals 10 1 0 1 1 0 1 2 10 1 
Ave,(Days) 8,0 12.0 15.0 17.0 16.0 15.0 19.0 7.0 
Lot 0 Basal Diet //I + 0 Thiamine (Negative Control) 
Lot 1 Basal Diet ^ 1 + 50 Thiamine /lOO gma, of diet 
(Positive Control) 
Lot 2 Basal Diet #1 + 80 Thiamine /lOO gms. of diet 
(Positive' Control) 
Baaal Diet 01 + 50 Lot 3 V-B* Thiajnine /lOO gma. of diet + lOJg 
Anchovy Fish Meal 
/lOO Lot h Basal Diet #1 + 50 fig. Thiamine gma, of diet + 20!g 
Anchovy Fish Meal 
/lOO Lot 5 Baaal Diet //I + 50 fig. Thiamine gma. of diet + 10^ 
Mackerel Fish Moal 
Lot 6 Baaal Diet + 50 Thiamine /lOO gma. of diet + 20?; 
Mackerel Fish Meal 
/lOO Lot 7 Basal Diet #1 + 50 }1E. Thiaxiiine gma. of diet + 10^ 
Sardine Fiah Meal 
/lOO Lot 8 Basal Diet //I + 50 lig. Thiamine gma« of diet 4* 20^ 
Sardine Fish Meal 
/lOO Lot 9 Baoal Diet #1 + 50 l^g. Thiamine gms. of diet •f* 10^ 
Tuna Fish Meal 
/lOO Lot 10 Basal Diet //I + 50 Thiamine gma, of diet 20% 
Tuna Fish Meal 
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head and legs. These symptoms vfei'e followed by a second stage 
manifested by a stiffness of leg Joints, retraction of head, 
backward cartv/heeling and labored breathing, A third phase 
involved severe opisthotonos with birds falling over onto 
their sides and being unable to right themselves. The birds 
vj'ould struggle v/ith their feet, and eventually reach a state 
of exhaustion, 
A study of Plate I illustrates some of the typical thia­
mine deficiency symptoms observed, 
A necropsy of deficient chicks revealed enlarged heart 
vfith the atria congested with blood, enlarged spleen and some­
times enlarged, mottled kidneys. 
Response to treatment. Chicks which reached the state 
of severe opisthotonos or exhaustion vrere given oral adminis­
trations of thiamine, A study of Table II reveals that the 
deficient chicks responded very rapidly to sjnall quantities 
of thiamine. It was found the average curative dose vras I70 
micrograms of thiamine, and the average time required for re­
covery was 3.5 hours. 
Of all deficient chicks administered a supplementary 
dose of thiamine, 87»5 pei* cent recovered. One of the two 
chicks that failed to recover, died during the night after 
having been given 75 micrograms of thiamine. The other chicks 
died as a result of strangulation following the oral adminis­
tration of the thiamine solution. 
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Plate I 
Illustration of typical thiajmine defi­
ciency symptoms observed in Lot 0, chick 
#8, (Basal diet #1 plus 0 thiamine — 
negative control) Age - 1? days — same 
chick showed typical symptoms at 7 days, 
but was not photographed. Chick was 
given 100 micrograms thiamine and showed 
recovery after three hours. 
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Table II 
TiniG and Dosage Requirementn for Recovery of Thiamine Defi 
ciency — Experiment I 
No. 
Chicks 
Recovery 
Time (Hrs,) 
Thiamine Required 
(Micrograms) 
25 75 100 125 150 200 300 
2 2.00 2 
1 2.00 1 
1 2.50 1 
1 2.75 1 
3 3.00 3 
1 3.25 1 
1 3.50 1 
1 4.00 1 
1 5.00 1 
1 6.00 1 
1 8.00 1 
1 Deceased 1 
1 Deceased 1 
Average 3.5 Hra, 170 ng. 
Obaerved reciuirementa for protective level of thiamine for 
the chick 
It would appear that the protective level of thiamine for 
the chick when fed autoclaved baaal diet j^'l is betv/oen 50 and 
80 micrograms per 100 grams of diet. The 50 micrograms per 
100 grama of diet level produced 10 per cent incidences of 
deficiencies, vjhereas the 80 micrograms produced no deficien­
cies, 
"hh" 
Obsgrved factors InfluenclnK thiamine requirement of tho chick 
There wore no observed factors vrithin this preliminary 
experiment Vfhich v/ore believed to have any significant in~ 
fluence on tho thiaxnine roquiroinont of the chick, other than 
thianiine level. 
Observed grov/th rate 
A study of Table III (and Table XI in the Appendix) reveals 
that there v/ere highly significant differences in growth rate» 
A comparison of tho three lots that were free of any thiaiuine 
deficiency, namely Lots 2, 5 and 9, also shovj-s highly signifi­
cant difforencoo in chick growth. A comparison of tho vreighta 
of the two groups of chicks that showed no deficiencies, vfhen 
fed basal diet #1 plus fish meal, reveals that 10 per cent 
Mackerel (Lot 5) gave highly significant bettor grov/th than 
10 per cent Tuna (Lot 9). 
Observed food consumption 
A study of Table IV reveals that ratings for grams of 
food consumed are quite similar to those for grams gain per 
chick per day listed in Table III. 
It is evident that groups receiving basal diet //I supple­
mented vrith various fish meals viere receiving a more adequate 
diet and thus had better appetites and as a result consumed 
more feed. 
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Table III 
Effect of Diet on Growth Rate -- Experiment 1 
V/elght in Grams Gms, Gain 
/Chick/ 
Day to Lot (Age in Days) Gms. 
Ko. 0 7 14 21 Gain 21 Days Rating 
0 36.30 40,40 59.86 78.33 42.03 2.00 (11) 
1 37.55 55.80 71.90 102.10 64.55 3.07 ( 9) 
2 36.92 56.10 77.10 100.80 63.88 3.04 (10) 
3 37.86 68» 60 101.56 142.71 94.85 5.03 ( 4) 
4 38.60 79.10 123.50 181.20 142.70 6.79 ( 2) 
5 36,65 64.40 92.00 129.20 92.55 4.41 ( 7) 
6 37.80 78.00 114.80 160.60 122.80 5.85 ( 3) 
7 36,20 67.70 99.67 132.20 96.00 4.57 ( 5) 
8 37.15 76.70 122.00 184.90 147.75 7.04 ( 1) 
9 37.28 60.90 78.60 103.80 66.52 3.17 ( 8) 
10 37.13 68.88 96.59 131.50 94.37 4.50 ( 6) 
Lot 0 Basal Diet //l + 0 Thiamine (Negative Control) 
Lot 1 Basal Diet //I + 50 ns* Thiamine /lOO gma. of diet 
(Positive Control) 
Lot 2 Basal Diet #1 + 80 Thia;aine /lOO gms. of diet 
(Positive Control) 
/lOO Lot 3 Basal Diet ;fl + 50 i-ig. Thiajiidne gms. of diet + 10^ 
Anchovy Fish Meal 
/lOO Lot 4 Basal Diet //I + 50 Thiamine gms. of diet + 20^ 
Anchovy Fish Meal 
Lot 5 Basal Diet //I + 50 Thiajnine /lOO gms. of diet + 10^ 
Mackerel Fish Meal 
/lOO Lot 6 Basal Diet ?^1 + 50 fig. Thiamine gms. of diet 4- 20^ 
Mackerel Fish Meal 
/lOO Lot 7 Basal Diet #1 + 50 iAg. Thiamine gms. of diet & 10^ 
Sardine Fish Meal 
/lOO Lot 8 Basal Diet //I + 50 fig. Thiamine gms. of diet + 20% 
Sardine Fish Meal 
Lot 9 Basal Diet + 50 FS. Thiamine /lOO gms, of diet •f 10% 
Tuna Pish Meal 
/lOO Lot 10 Basal Diet //l + 50 ng. Thiamine gms. of diet 20^ 
Tuna Fish Meal 
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Table IV 
Effect of Diet on Food Consumption Rate — Experiment I 
Vfooks &ms. Consumed 
Lot Total Gms, /Chick /Day 
No, 1 2 3 Consumed To 21 Days Rating 
0 4. 0 7.8 8.6 142. 4 6 .8 (11) 
1 6. 4 8.3 10.7 177 .7 8 .5 9) 
2 6. 5 8.1 11.4 ISl • 6 8 .7 8 
3 7. 9 10.5 14.6 231 .3 11 .0 4) 
4 7. 7 12.0 17.4 258 .7 12 .3 ( 2) 
5 6. 7 9.1 12.3 197 .1 9 .4 ( 
7) 
6 G. 2 11.0 16.4 249 .3 11 .9 3) 
7 6, 5 10.5 15.2 225 .2 10 .7 ( 5) 
8 8. 0 11.9 17.5 261 .7 12 .5 ( 1) 
9 6. 8 7.6 10,0 170 .5 8 .1 (10) 
10 8. ,2 9.0 13.0 211 .4 10 ,1 ( 6) 
Lot 0 Basal Diet //I + 0 Thiamine (Negative Control) 
Lot 1 Baaal Diet //I + 50 US. Thiamine /lOO gms. of diet 
(Positive Control) 
/lOO Lot 2 Baaal Diet #1 + 80 lig. Thiamine gms. of diet 
(Positive ( Control) • 
/lOO Lot 3 Basal Diet #1 + 50 \ig. Thiara3.ne gms. of diet + 10;?; 
Anchovy Fish Moal 
/lOO Lot 4 Basal Diet #1 + 50 ne. Thiamine gms. of diet + 205f. 
Anchovy Fish Meal 
/lOO Lot 5 Basal Diet //I + 50 pg. Thiandno gjns. of diet + 10^ 
Mackerel Fish Meal 
/lOO Lot 6 Basal Diet //I + 50 Vig. Thiandne gms. of diet + 205g 
liackerel Fish Moal 
/lOO Lot 7 Basal Diet #1 + 50 Hg. Thiandno gms. of diet + lOjg 
Sardine Fi sh Meal 
/lOO Lot 8 Basal Diet #1 + 50 lie. Thiamine gms. of diet + 20^ 
Sardine Fish Meal 
/lOO Lot 9 Basal Diet §1 + 50 Thiamine gms. of diet + 10^ 
Tuna Fish Meal 
/lOO Lot 10 Basal Diet #1 + 50 |ig. Thiamine gms. of diet + 20^ 
Tuna Fish Meal 
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Mortality 
A mortality of 9,1 per cent was encountered during the 
21 day feeding period. Three chicks in Lot 3 and one chick 
in Lots 7 and 10 were killed because of porosis. One chick 
in Lot 10 died of strangulation following the oral adjninis-
tration of the thiamne solution. Two of tho chicks in Lot 
0 died before any thiajiiine had beon administered, one chick 
died during the night follovring administration of 75 micro~ 
grams thiamine, and the other chick in Lot 0 died through the 
night follovfing adxainistration of 300 micrograms thiamine. 
Summary 
Results of Experiment I, designed as an explanatory ex-
perirsient, revealed that 50 micrograms thiamine per 100 grams 
of basal diet Hi (positive control) failed to give adequate 
protection against dovGlopmont of typical thiamine doficien-
cies. Therefore, it was impossible to, evaluate any thiamine 
doficiencies that developed throughout lota fed this same diet 
to which the various fish moala had been added. Furthermore, 
it was found that the autoclaved basal diet #1 vms deficient 
in quality of protein. This conclusion is based on the fact 
that inclusion of tho fish meals consistently resulted in bet­
ter grovfth than when tho basal diet was fed alone. 
Therefore, plans vj-ere made for a second experimont using 
higher levels of thiamine to insure against a deficiency re­
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sulting in the positive control group; in addition, the basal 
diet v;a3 modified to improve protein quality by including 
throe supplement a I'-y proteins in place of a single source of 
supplementary protein. 
lixperiraont II 
Ob .iectlvo 
-s. 
Levels of 60, 70 80 jnicrograjns thiamine per 100 
grama of diet v/ere used in this experiment. Furthermore, 
since there appeared to be a confounding protein quality de­
ficiency, it was felt advisable to modify the baaal diet in 
an effort to provide a more adequate diet that v^ould result 
in better growth of the chicks. The modified diet, basal 
diet #2, vias supplemented "with throe sources of proteins, 
namely crude commercial casein, corn gluten meal and soybean 
oil meal. 
The tv^o commercial fish meals that had indicated thia­
mine Inactivation by the chemical test, namely Menhaden I 
and Tuna fish meal, and and fish scrap were included 
in basal diet ^2 at a level of 10 per cent. In order to test 
the effect of autoclaving the ingredients of the basal diet 
on destroying grov/th factors, one lot of chicks vms fed the 
unautoclaved basal diet. 
Observed thiamine deficienc.v symptoms in the chick 
Time of oocurrenco. There were no thiamine deficiencies 
observed during tho 21 day period of this e.speriment. 
Nature of symptoms. There xvere no typical symptoms 
noted in this experiment. 
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Reaponae to troatmsnt. There v^ero no curative thiaiaine 
administrations needed throughout this experiment. 
On the tvrelfth day of the experijuontal period, it was 
noted several chicks throughout Lots 1, 2, 3* 4 and 5 that 
were receiving the autoclaved basal diet //a, sho^ired early 
symptoms of a pantothenic acid deficiency. Therefore, calcium 
pantothenate was incorporated into the diet immediately at the 
rate of 14 micrograms per gram of diet. The chicks responded 
successfully in a period of four to seven days. 
Observed requirements for protective level of thiamine for the 
chick 
It was found that a level of 60 micrograms thiamine per 
100 grams of autoclaved basal diet #2 gave adequate protec­
tion, for there vfere no cases of thiamine deficiencies observed 
in any of the lots. 
Observed factors Influencinp. thiajnine requirements of the chick 
Combination of three supplementary proteins. With use 
of a combination of autoclaved crude commercial casein, corn 
gluten meal and soybean oil meal, it was found the protective 
level of thiamine was lower than in the case of Experiment I 
when autoclaved crude commercial casein was used as a single 
supplementary protein. 
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Observed growth rate 
A study of Table V (and Table XII in the Appendix) shov;^s 
there were no significant differences in growth rate during 
the second experifiient. Combining the various levels of thia­
mine used for each of the fish products, and comparing the 
growth I'ate of the chicks, it was found that there v/ere no 
significant differences in the Menhaden I, Tuna, Hj and %I-
Furthermore, there were nonsignificant differences in the rate 
of grovrth of chicks fed 10 per cent Menhaden I or Tuna fish 
meal and 10 per cent Hj or fish scrap. 
Observed food consumption 
Study of Tables V and VI shovis there vras a close rela­
tionship between grams of food consumed and grams of gain per 
chick per day. As was noted in Experiment I, chicks that con­
sumed the most food also made more grams gain per chick per 
day. However, there were some differences noted in food con­
sumption throughout various lots5 they ^irere not significant 
differences since variance viithin replicates was as great as 
betvreen various lots. 
Mortality 
A mortality of 3,5 per cent vms encountered during the 
21 day feeding period of Experiment II. 
One chick in Lot 0-B died on the sixth day and one chick 
Table V 
Dieta Used 
Lot 0~A Basal Diet H2 + 60 ng, Thi£i.iiiine /lOO gins. 
(Positive Control) 
Lot OA-A Replicate of Lot 5~A 
Lot 0-B Basal Diet #2 + 70 jig. Thiamine /lOO gms, 
(Positive Control) 
Lot OA~B Replicate of Lot 
Lot 0-G Basal Diet //2 + 60 |Jig. Thiaiidne /lOO gms, 
(Positive Control) 
Lot QA-C Replicate of Lot $-C 
Lot 1-A Basal Diet #2 + 60 jig. Thiamine /lOO gras, 
10^ Menhaden I Fish Meal 
Lot lA-A Replicate of Lot 1-A 
Lot 1~B Basal Diet #2 + 70 lig. Thiamine /lOO gms, 
10^ Menhaden I Fish Meal 
Lot lA-B Replicate of Lot 1~B 
Lot 1~G Basal Diet #2 + 80 ^ g, Thiar.)ine /lOO gms, 
105^ Menhaden I Fish Meal 
Lot lA-C Replicate of Lot 1-C 
Lot 2-A Basal Diet i^^2 + 60 |.;g. Thiamine /lOO gms, 
10^ Tuna Fish Meal 
Lot 2A-A Replicate of Lot 2-A 
Lot 2-B Basal Diet #2 + 70 jig. Thiamine /lOO gms, 
10^ Tuna Fish Meal 
Lot 2A-B Replicate of Lot 2-B 
Lot 2-C Basal Diet #2 + SO \XE« Thiamine /lOO gms. 
10^ Tuna Fish Meal 
Lot 2A-C Replicate of Lot 2-C 
Lot 3tA Basal Diet //2 + 60 \ig. Thiamine /lOO gma, 
10^ Hj Fish Scrap 
Lot 3A-A Replicate of Lot 3-A 
Lot 3-B Basal Diet + 70 jig. Thiamine /lOO gms. 
10% Hj Fish Scrap 
Lot 3A~B Replicate of Lot 3"^ 
Lot 3-0 Basal Diet //2 + 80 \ig. Thiamine /lOO gms, 
10^ Hj Fish Scrap 
Lot 3A-C Replicate of Lot 3~C 
Lot /+-A Basal Diet #2 + 60 ^ g. Thiamine /lOO gms, 
10^ Hji Fish Scrap 
Lot 4A-A Replicate of Lot 4~A 
Lot 4-B Basal Diet //2 + 70 |ig« Thiamine /lOO gms# 
lO;^ Hji Fish Scrap 
Lot 4A-B Replicate of Lot 4~B 
Lot 4-C Basal Diet f/2 + 80 jig. Thiamine /lOO gms. 
10^ Hll Fish Scrap 
Lot 4A-0 Replicate of Lot 4-C 
of diet 
of diet 
of diet 
of diet + 
of diet + 
of diot + 
of diet + 
of diet + 
of diet + 
of diet + 
of diet + 
of diet + 
of diet + 
of diet + 
of diet + 
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Table V 
Tho Effect of Diet on Grovfth Rate -- Experiment II 
V^eight in Grama 
Lot 
Mo. 
0-A 
OA"~A 
0-B 
OA—B 
0-C 
OA-G 
1-A 
lA-A 
1-B 
IA-B 
1-0 
lA-G 
2-A 
2 A-A 
2-B 
2A-B 
2-C 
2A-G 
•3-A 
3A-A 
3-B 
3A-B 
3-C 
3A-G 
4~A 
i}.A—A 
4-B 
/(.A—B 
4-C 
ilj,A—0 
(Age in Days) 
7 14 21 
Grams 
Gain 
Gms.Gain 
/Chick/ 
Day to 
21 days 
41.5 
42.3 
40.3 
3 5 , 8  
3 7 . 3  
3 9 .  S  
41.6 
38.0 
40.8 
3 9 . 6  
3 7 . S  
3 8 . 4  
3 7 . 8  
40,0 
40.0 
40.8 
41.8 
41.2 
3 9 . 3  
3 9 . 0  
41.5 
3 7 . 3  
41.3 
41.3 
40.0 
42.5 
40.8 
42.3 
42.5 
ifO,5 
52.3 
5 5 . 5  
52.3 
4 8 . 8  
40.5 
4 7 . 8  
60.8 
60.6 
60.0 
5 9 . 2  
56.4 
5 7 . 8  
4 9 . 8  
5 8 . 2  
69.0 
62,0 
61,8 
60 .8  
5 5 . 8  
6 5 . 5  
61.8 
62.3 
67.8 
58.3 
60 .8  
63.5 
52.3 
5 3 . 5  
67.0 
60.8 
71.5 
7 4 . 8  
68.0 
63.3 
5 5 . 0  
63.8 
87.2 
87.6  
84.6  
8 5 . 0  
84.2 
82 .2  
7 3 . 0  
8 5 . 8  
103.0 
92.6 
87.8 
82.8 
73.3 
9 3 . 8  
8 6 . 5  
9 7 . 3  
1 0 0 . 3  
82.0 
8 6 . 5  
9 8 . 0  
70. 
92, 
100, 
ei.8 
105.0 
104.5 
97.7 
8 9 . 0  
8 4 . 3  
9 2 . 3  
135.2 
139.8 
139.4 
139.2 
125.8 
133.4 
118.2 
134.0 
162,0 
145.6 
141.4 
138.6 
1 2 0 . 3  
1 5 0 . 5  
145.5 
1 5 2 . 5  
1 5 8 . 3  
135.5 
151.3 
157.0 
115.0 
155.7 
175.7 
122.8 
63.5 
62.3 
57.4 
53.3 
4 7 . 0  
52.5 
9 3 . 6  
101.8 
9 8 . 6  
9 9 . 6  
88.0 
9 5 . 0  
8 0 . 4  
9 4 . 0  
122.0 
104.8 
9 9 . 6  
9 7 . 4  
81.0 
111.5 
104.0 
115.3 
117.0 
9 4 . 3  
111.3 
114.5 
7 4 . 3  
113.4 
133.2 
8 2 . 3  
3.02 
2.96 
2 . 7 3  
2 . 5 4  
2.24 
2.50 
4.46 
4 . 8 5  
4.70 
4 . 7 4  
4.19 
4.52 
3 . 8 3  
4.48 
5.81 
4 . 9 9  
4 . 7 4  
4.64 
3.86 
5 . 3 1  
4.95 
5.49 
5 . 5 7  
4 . 4 9  
5.30 
5 , 4 5  
3 . 5 4  
5.40 
6 . 3 4  
3.92 
Re pi, 
Ave. 
2 . 9 9  
2,64 
2 . 3 7  
4.66 
4 . 7 2  
4.36 
4.16 
5.40 
4.69 
4 . 5 8  
5 . 2 2  
5.03 
5 . 3 8  
4 . 4 7  
5.13 
Rat­
ing 
Table VI 
Diets Used 
Lot 0-A Basal Diet //2 + 60 jag. Thiamine /lOO gms, of diet 
(Positive Control) 
Lot OA-A Replicate of Lot 5-A 
Lot 0-B Baaal Diet #2 + 70 Thiajaine /lOO gma* of diet 
(Positive Control) 
Lot OA-B Replicate of Lot 5~B 
Lot 0-C Basal Diet + 80 \ig, Thiajnine /lOO gms, of diet 
(Positive Control) 
Lot OA-C Replicate of Lot 5-0 
Lot 1-A Basal Diet + 60 jig. Thiamine /lOO gms. of diet + 
10;^» Menhaden I Fish Meal 
Lot lA-A Replicate of Lot 1-A 
Lot 1-B Basal Diet #2 + 70 pig. Thiamine /lOO gms, of diet + 
10% Menhaden I Fish Moal 
Lot 1A~B Replicate of Lot 1-B 
Lot 1-C Basal Diet ^2 + 80 pig. Thiamine /lOO gms, of diet + 
10^ Menhaden I Fish Moal 
Lot 1A~C Replicate of Lot 1-C 
Lot 2-A Basal Diet #2 + 60 }ig. Thiamine /lOO gms, of diet + 
lO;^ Tuna Fish Meal 
Lot 2A-A Replicate of Lot 2-A 
Lot 2-B Basal Diet #2 + 70 p^g, Thiartiine /lOO gms. of diet + 
10!^ Tuna Fish Meal 
Lot 2A-.B Replicate of Lot 2-B 
Lot 2-C Basal Diet /r2 + 80 \ig. Thiamine /lOO gms, of diet + 
10^ Tuna Fish Meal 
Lot 2A~G Replicate of Lot 2-C 
Lot 3-A Basal Diet H'2 + 60 )ig. Thiamine /lOO gms. of diet + 
10^ Hj Fish Scrap 
Lot Replicate of Lot 3-^^^ 
Lot 3-B Basal Diet #2 + 70 pig. Thiamine /lOO gms. of diet + 
105? Fish Scrap 
Lot 3A-B Replicate of Lot 3~B 
Lot 3-C Baaal Diet i^2 + 80 pig. Thiamine /lOO gms. of diet + 
10^ Hj; Fish Scrap 
Lot 3A-C Replicate of Lot 3-0 
Lot 4-A Basal Diet //2 + 60 pig. Thiamine /lOO gms, of diet + 
10^ Hxi Fish Scrap 
Lot 4A-A Replicate of Lot 
Lot /|.-B Basal Diet //2 + 70 pig. Thiamine /lOO gms, of diet + 
10^ Hjl Fish Scrap 
Lot 4A-B Replicate of Lot 
Lot 4~C Basal Diet i}2 + 80 pig. Thiamine /lOO gms, of diet + 
10^ Hii Fish Scrap 
Lot 4A-0 Replicate of Lot 4~0 
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Table VI 
Effect of Diet on Food Consumption Rate Experiment II 
Lot 
No. 1 
WoelcB 
2 3 
Total 
Grams 
Consumed 
Gms. Conauiiied 
/Chlck/Day 
To 21 Days 
Ave. 
of 
Repl, 
Rat­
ing 
0-A 7.9 9.0 22.4 275.1 13.1 12.0 ( 8) 
OA-A 7.9 10.9 13.9 228.0 10.9 
0-B 7.2 11.4 14.5 231.5 11.0 10.1 (15) 
OA-B 6.6 8.9 12.3 194.3 9.3 
(14) 0-C 6.4 11.4 13.9 221.0 10.5 10.7 
OA-C 7.2 10.2 15.3 229.1 10.9 
1-A 7.8 10.6 15.9 239.4 11.4 11.6 (11) 
lA-A 7.7 10.3 17.3 247.6 11.8 
1-B 7.7 10.2 17.4 246.8 11.8 11,5 (12) 
1A~B 7.7 10.6 15.2 234.6 11.2 
(10) 1~C 7.3 10.5 18.9 256.5 12.2 11,7 
1A~C 6.9 10.2 16.7 235.6 11.2 
2-A 6,8 9.8 15.9 228.6 10.9 11.1 (13) 
2A~A 7.0 9.9 17.3 239.0 11.4 
( 1) 2-B 9.5 14.9 23.7 336.6 16.0 14.6 
2A-B 8.0 12.0 19.4 276,0 13.1 
( 9) 2-C 7.7 10.3 17.9 250.8 11.9 11,8 
2A-C 7.3 10.1 16.5 239.4 11*4 
3-A 8.0 9.4 17.4 243.6 11.6 13.3 ( 5) 
3 A-A 7.3 12.5 25.2 315.1 15.0 
( 3) 3-.B 8»9 11.8 20,3 286.8 13.7 13.5 
3A~B 9.4 12.0 18.8 281.6 13.4 
( 6) 3-C 9.1 12.3 19.4 284 • 9 13.6 12,7 
3A-C 7.3 11.0 17.1 248.4 11.8 
4-A 8.4 10.6 19.1 266.6 12.7 13.7 ( 2) 
4 A-A 9.0 13.6 21.2 306.8 14.6 
( 7) 4-B 6.4 9.1 15.6 217.8 10.4 12,4 
4A-B 7.0 14,2 22.1 302.8 14.4 
( 4) 4-C 8.4 13.7 24.0 322.8 15.4 13.4 
4A-C 8.8 11.8 13.8 240.6 11.5 
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in Lot 4A-B died on tho oichth day of the experiment. One 
chick in Lot 1-C was killed on the fourteenth day and one chick 
in Lot 4-C wag killed on tho eleventh day because of porosis. 
There was no mortality encountered in Experiinent II re­
sulting from a thiaird.ne deficiency, 
Suimnary 
Results of Experiment II revealed that basal diet //2 com­
posed of a combination of three supplementary proteins and 
supplemented v/ith 60 micrograms thiamine per 100 grams of diet 
gave adequate protection from onset of thiamine deficiencies. 
Poorer growth rate than was anticipated v/ith the mixed 
protein was believed to result from an unexpected pantothenic 
acid deficiency. 
The inclusion of 10 per cent Menhaden I and Tuna fish meal 
or 10 per cent Hj or Hjj fish scrap did not increase occurrence 
of thiamine deficienciesj therefore, under conditions of this 
experiment they did not influence thiamine requirement of the 
chick. 
Ohicks fed unautoclaved basal diet #2 did not show any 
indications of a pantothenic acid deficiency and grevr at a 
faster rate than ohicks fed autoclavod basal diet #2. This 
ia indicative that the process of autoclaving is destructive 
to pantothenic acid and some growth factors. 
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Experimont III 
Ob.ieotlvo 
To clarify the possibility of confounded results obtained 
in Experiment II (pantothenic acid deficiency) this experiment 
was designed to repeat feeding basal diet //2, supplemented 
with 14 mid'ograms calcium pantothenate per gram of diet. 
Since there vfere no deficiencies encountered at the level of 
60 micrograms thiamine per 100 grams of diet used in Experi~ 
ment II, lower levels of 20, 30, 40, 50 and 60 micrograms 
wore used. Ten per cent Menhaden I and Tuna fish meals were 
again incorporated into basal diet ?}'2, 
Furthermore, to determine if basal diet #2 was deficient 
in the growth promoting vitamins, riboflavin and folic acid, 
one lot was fed the basal plus these vitamins at a level of 
325 and 250 micrograms per 100 grams of diet respectively. 
Likewise, as a chock on possible improvement of quality 
of protein, one lot was fed basal diet #2 modified by addition 
of 7 per cent vitamin-tost casein and 10 per cent gelatin. 
Observed thiamine (deficiency symptoms in the chick 
Time of occurrence. A study of Table VII illustrates 
that when feeding the basal diet at the 0 thiamine level, 
typical cases of deficiencies were first noted on the eighth 
day of the experimental period. 
Table ¥11 
Tiiae Eequired for Onset of Thiamine Deficiencies — Experiment III 
Lot No. 
Days 1 5A 5B 5C 5D 5E 6A 63 60 6D 6E 7A 7B 7G 7D 7E 
8 
9 
10 
11 
12 
13 
14 
15 
18 
2 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 2 
2 
Totals 5 5 1 0 0 0 4 0 1 0 Q 4 0 0 0 0 
Ave.(Days) 8.8 12.0 15.0 12.5 11.0 11.5 
Lot 1 Basal Diet #2 + 0 lig. Thiamine /lOO gms • of diet (Hegative Control) 
Lot 5' -A Basal Diet 02 + 20 Jig. Thiamine /lOO gms. of diet (Positive Control) 
Lot 5' -B Basal Diet #2 + 30 lig. Thiamine /lOO gms. of diet (Positive Control) 
Lot 5--C Basal Diet §2 + 40 ThiaMne /lOO gms. of diet (Positive Control) 
Lot 5--D Basal Diet #2 + 50 V-g' Thiamine /lOO gias. of diet (Positive Control) 
Lot 5--S Basal Diet #2 60 Thiamine /lOO gins. of diet (Positive Control) 
Lot 6- A Basal Diet #2 20 Pg. Thiamine /lOO gms. of diet + lO/S Menhaden I Fish Meal 
Lot 6- B Basal Diet + 30 lig. Thiamine /lOO gms. of diet + 10^ Menhaden I Fish Meal 
Lot 6- C Basal Diet #2 •f 40 {ig» Thiamine /lOO gms. of diet + 10^ Menhaden I Fish Meal 
Lot 6- D Basal Di et #2 + 50 Rg. Thiamine /lOO gms. of diet + 10? Menhaden I Fish Meal 
Lot 6--E Basal Diet #2 + 60 Ug. Thiamine /lOO gms. of diet + 10% Menhaden I Fish Meal 
Lot 7--A Basal Di et #2 + 20 llg. Thiamine /lOO gms. of diet + 10^ Tuna Fish Meal 
Lot 7--B Basal Di et #2 + 30 ug. Thiamine /lOO gms. of diet + 10^ Tuna Fish Meal 
Lot 7--C Basal Diet #2 + 40 lig. Thiamine /lOO gms. of diet + 10% Tuna Fish Meal 
Lot 7--D Basal Diet #2 + 50 \lg* Thiamine /lOO gms. of diet + 10^ Tuna Fish Meal 
Lot 7--E Basal Diet #2 60 v-g* Thiamine /lOO gms. of diet + 10^ Tuna Fish Meal 
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Chicks fed the basal diet supplemented v^ith 20 ndcro-
granis thiamine per 100 grams of diet showed typical symptonia 
on the eighth day of the experiment. Whereas, the same diet 
supplemented v/ith 30 micrograms thiamine did not produce a 
deficiency until the fifteenth day of the experimental feeding 
period. The group of chicks receiving the basal diet supple­
mented vfith 20 micrograms thiamine per 100 grams of diet plus 
10 per cent Menhaden I fish meal resulted in typical thiamine 
deficiencies on the eleventh day of the experiment. This same. 
Menhaden I fish meal diet supplemented vrith 40 micrograms 
thiamine also produced a positive case of thiamine deficiency 
on the eleventh day of the feeding period. In addition, the 
deficiency vms first evident on the eleventh day in the group 
receiving the basal diet supplemented with 20 micrograms thia~ 
mine to which 10 per cent Tuna fish meal had been added. 
Mature of symptoms. Observed symptoms throughout various 
lots in Experiment III were the same as described for Experi~ 
ment I, 
Response to treatment. Evaluation of Table VIII reveals 
deficient chicks responded more rapidly than they did in Ex­
periment I. It was found that the average curative dose used 
was 106 micrograms of thiamine, and the average time required 
for recovery was 1.5 hours. 
A recovery of 85.0 per cent vfas obtained for all deficient 
chicks admj.nisterod a supplementary dose of thiamine. Two of 
the chicks died following the oral admnistration of the thia-
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mine. Apparently the curative dose vjas too much of a shook 
to the exhausted chicks, A third chick was found dead in the 
cage at the end of the noon hour before additional thiamine 
could be (jiven. 
Table VIII 
Time and Dosage Eoquirement for Recovery of Thiamine 
Deficiency — Experiment III 
No. Recovery Thiamine Required 
Chicks Time (Hrs.) ('fficro grams j 
, 100 200 
3  1 , 0 0  3  
1  1 . 2 5  1  
2  1 . 5 0  2  
3  1 . 7 5  3  
2  2 . 0 0  2  
1  2 . 0 0  1  
1  2 . 5 0  1  
2  2 . 7 5  2  
1  2 . 7 5  1  
1  3 . 2 5  1  
3  Deceased 3  
Average 1 . 5 4  Hrs. 106 jig. 
Observed requirements for protective level of thiamine for 
the chick 
As shown by Table VII the protective level of thiamine 
for chicks fed the autoclaved basal diet was found to be 40 
micrograms thiamine per 100 grams of diet. The protective 
level for the basal diet plua 10 per cent Menhaden I fish meal 
appeared to be 50 micrograms per 100 grams of dietj whereas, 
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the basal diet plus 10 per cent Tuna fish meal required only 
30 micrograms thiamine per 100 grama of diet to give adequate 
protection. 
Obaerved factors influencing; thiamine requirement of the 
chick 
Combination of throe supplementary proteins. As compared 
vfith Experiment I, where crude commercial casein vjo-b used as 
a single source of supplementary protein, it vi&s found that 
basal diet //2 required a lov^er level of thiamine to give ade­
quate protection. 
The addition of 10 per cent Menhaden I or Tuna fish meal 
had no significant effect upon the thiamine requirement of 
the chick, 
Obaerved arovjth rate 
A study of Table IX and Figures 4> 5 and 6 reveals that 
basal diet ^2 supplemented with 50 microgi^aras thiamine per 100 
grams of diet and 10 per cent Menhaden I fish meal produced 
the best rate of growth. 
A study of the data (Table XIII in the Appendix) reveals 
there v^ere nonsignificant differences among the various diets 
fed. Ho^vever, when the weights of chicks in the lots that did 
not produce thiamine deficiencies were analyzed, it was found 
there were highly significant differences. Combining the levels 
of thiamine used for each of the two fish meals, and comparing 
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Table IX 
Effect of Diet on Growth Rate — Kxperimont III 
V/eip:ht in Grams Gms. Gain 
Lot (Age in Days) Gms, /Chick/Day Rat­
No, 0 7 14 21 Gain to 21 Days ing 
1 38 37.6 
5-A 38,2 45.4 54.5 
5-B 38,0 51.4 72.4 108,0 70,0 3.3 ( 9) 
5-C 37.6 49.6 70.8 97.2 59.6 2.8 (10) 
5-D 37.2 46.8 59.2 77.0 39.8 1.9 (11) 
5-.E 37.6 52.4 74.2 105.8 68,2 3.3 ( 9) 
6-A 38,0 59.0 90,0 
6-B 37.2 60.6 100,4 152.0 114.8 5.5 ( 3) 
6-C 39.0 63.0 104.5 163.5 124.5 5.9 ( 2) 
6-D 37.8 68,8 111,0 170.8 133.0 6.3 ( 1) 
6-E 38,0 61,8 97.4 148,8 110,8 5.3 ( 5) 
7-.A 36.6 50,0 70,8 134.0 97.4 4.6 ( 6) 
7-B 36.4 56,4 88, 6 131.2 , 94.8 4.5 ( 7) 
7-C 36.2 51.4 83.6 131.2 95.0 4.5 ( 7) 
7-D 37.6 59.6 91.0 129. 6 92.0 4.4 ( 8) 
7-E 35.0 58,2 98,6 149.0 114.0 5.4 ( 4) 
Lot 1 Baaal Diet uZ + 0 jig. 
(Negative Control) 
Lot 5"^ Basal Diet + 20 jig, 
(PoaitivQ Control) 
Lot 5-B Basal Diet §2 + 30 ng. 
(Positive Control) 
Lot 5-C Basal Diet //2 + 40 [ig. 
(Positivo Control) 
Lot 5-D Basal Diet #2 + 50 \ig. 
(Positive Control) 
Lot 5-E Basal Diet //2 + 60 ug, 
(Positive Control) 
Lot 6-A Basal Diet //2 + 20 ug. 
Menhaden I Fish Meal 
Lot 6-B Basal Diet //2 + 30 ug. 
Menhaden I Fish Meal 
Lot 6-C Basal Diet #2 + 40 yig. 
Menhaden I Fish Meal 
Lot 6-D Basal Diet #2 + 50 ug. 
Menhaden I Fish Meal 
Lot 6-E Basal Diet //2 + 60 ug. 
Menhaden I Fish Meal 
Lot 7-'^ Basal Diet //2 + 20 \ig. 
Tuna Fish Meal 
Lot 7~B Basal Diet //2 + 30 |ig. 
Tuna Fish Meal 
Lot 7~C Basal Diet + 40 ug. 
Tuna Pish Meal 
Lot 7-D Basal Diet //2 + 50 iig. 
Tuna Fish Meal 
Lot 7-E Basal Diet //2 + 60 ug. 
Tuna Fish Meal 
Thiamine /lOO gms. of diet 
Thiamine /lOO gms, of diet 
T hi a mi no /lOO gjns, of diet 
Thiajnine /lOO gms. of diot 
Thiamine /lOO gms. of diet 
Thiamine /lOO gms. of diet 
Thiamine /lOO gms. of diet 10% 
Thiamine /lOO gms, of diet + 10^ 
Thiajnine /lOO gms. of diet H* 10;?, 
Thiajnine /lOO gms. of diet + 10^ 
Thiamine /lOO gms. of diet 10'^  
Thiamine /lOO gma. of diet 10^ 
Thiajnine /lOO gms, of diet -*• 10^ 
Thiamine /lOO gms, of diet io;g 
Thiamine /lOO gxns. of diet + 10^ 
Thiamine /lOO gms. of diet lo:^ 
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the growth rate of the chicks it v/as noted that 10 per cent 
Menhaden I fish meal resulted in highly significant better 
grov;th than 10 per cent Tuna fish meal. There wore no sig­
nificant differences in the rate of growth of the chicks fed 
levels of thiamine (40, 50 and 60 micrograms per ICQ grams 
of diet) that resulted in no deficiencies. 
Observed food consumption 
An evaluation of Table X and Figures 1, 2 and 3 reveals 
differences in food consumption throughout various lotsj 
however, the differences resulting from feeding various com­
mercial fish meals wore not significant. Furthermore, beyond 
the level of 30 micrograms per 100 grams of diet, the level 
of thiamine did not have a marked influence on grams of food 
consumed per chick per day. 
Mortality 
During this experiment a mortality of 5,0 per cent was 
encountered. One chick died on the sixth day from no apparent 
cause. Two chicks died immediately following oral administra­
tion of thiamine, apparently from shock,. One chick had shown 
considerable improvement throughout the morning following 
thiamine administration, but died during the lunch hour. 
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Table X 
Effect of Diet on Food Consumption Rate — Experiment III 
Total Gni3, Consumed 
Lot Grania /Chick/Day Rat~ 
Wo. 1 2 2 ConsUflied to 21 Days ing 
1 6.3 
7»1 5.9 ~ 
5-B 7!? 10l6 14.7 231.5 11.0 ( s; 
5-C 7.9 10.6 14.2 228.4 10.9 ( 9 
5-D 8.0 8.6 10.3 187.8 8.9 (l3 
5-E 7.8 10.1 13.2 217.8 10.4 (12; 
6-A 7.7 8.6 
6-B 9.1 12.1 17.0 267.6 12.8 ( 5 
6-C 9.2 12.9 20.5 29B.O 14.2 ( 2] 
6-D 8.9 12.8 21.6 303.0 14.4 ( 1, 
6-E 9.1 13.0 21.0 302.2 14.4 ( 1, 
7-A 8.6 8.2 15.1 224.1 10.7 (10. 
7-B 8.3 11.5 16.7 255.6 12.2 ( 6) 
7-C 8.6 14.5 17.6 285.0 13.6 ( 4) 
7-D 8.5 10.7 14.9 239.0 11.4 ( 7) 
7-E 8.5 14.1 18.6 288.8 13.8 ( 3) 
Lot 1 Baaal Diet #2 + 0 lig. Thiajnine 0
 
0
 
gma. of diet 
(Negative Control) 
0
 
0
 
Lot 5-A Baaal Diet f/2 + 20 lig. Thiamine /lOP gms. of diet 
(Positive Control) 
Lot 5-B Basal Diot #2 + 30 Rg. Thiamine /lOO gma. of diet 
(Positive Control) 
Lot 5--0 Baaal Diet + 40 fig. Thiamine /lOO gms. of diet 
(Positive Control) 
Lot 5~D Basal Diet //S + 50 lig. Thiamine /lOO gms. of diot 
(Positive Control) 
Lot 5-.E Baaal Diet //2 + 60 Hg- Thiamine /lOO gms. of diet 
(Positive Control) 
Lot 6-A Basal Diet #2 + 20 ng. Thiamine /lOO gms. of diot 10^ 
Menhaden I Pish Meal 
Lot 6-B Basal Diot ^2 + 30 
I'-
Thiamine /lOO gms. of diet + 1056 
Menhaden I Pish Me a 
Lot 6-G Basal Diot ^2 + 40 ug. 
' JL 
Thiamine /lOO gms. of diet + 10^ 
Menhaden I Pish Uea
Lot 6-D Basal Diet #2 -i- 50 ug. 
i 
Thiamine /lOO gms. of diet + 10% 
Menhaden I Fish Me a 
Lot 6-E Baaal Diet {t2 + 60 pg. 
> •L* 
Thiamine /lOO gma, of diot + 10% 
JJonhaden I Fish Me a
Lot 7~A Basal Diet §2 + 20 Thiamine /lOO gms. of diot + 10% 
Tuna Fish Meal 
Lot 7' -B Basal Diet #2 + 30 yig. Thiamine /lOO gms. of diet + 10% 
Tuna Fish Meal 
Lot 7' -C Baaal Diot //2 + 40 lig. Thiamine /lOO gma. of diot + 10% 
Tuna Fish Meal 
Lot 7' -D Basal Diet #2 + 50 lig. Thiamine /lOO gms. of diot 10% 
Tuna Fish Meal 
Lot 7' -E Basal Diet #2 + 60 lig. Thiamine /lOO gras, of diet + 10% 
Tuna Fish Meal 
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Summar.v 
Results obtained in Experiment III reveal that basal diet 
#2 produced typical thiamine deficiency symptoms by the eighth 
day» 
Better growth was obtained in this experiment as compared 
with Experiment II, 
Incorporation of 10 per cent Menhaden I or Tuna fish meal 
did not increase onset of the deficiencies at any level of 
thiamine fed. 
Addition of riboflavin and folic aoid and a combination 
of vitamin-test casein and gelatin did not significantly im­
prove growth; however^ in both cases the additions were noted 
to increase the number of thiaimine deficiencies even at 60 micro­
grams thiamine per 100 grams of diet. 
-69-
Exporiment IV 
Ob.iectlve 
Since the number of chicks per lot in Experiment III 
vras small, it seemed desirable to repeat the test. Further­
more, since the 10 per cent levels of fish meal had not in­
creased the number of thiamine deficiencies, it v/aa decided 
to test the t\7o fish meals at 20 per cent levels • 
Also in an effort to have a more standardized basal 
diet, a modified, purified basal diet #3 was set up. It was 
composed of purified carbohydrates, proteins, vitamins, min­
erals and fiber. This diet, supplemented with various levels 
of thiamine, was tested with five lots of chicks. 
Observed thiamine deficiency symptoms in the chick 
Time of occurrence. Data recorded in Table XI sub­
stantiates the observation made in Experiment III that basal 
di.et §2 fed at 0 or low thiamine levels produced typical thia­
mine deficiencies by the eighth or ninth day of the experi­
mental period. Adding 10 and 20 per cent Menhaden I or Tuna 
fish meal resulted in no significant change in the time of 
the thiajiiine deficiency. 
Feeding basal diet #3 also produced a typical thiamine 
deficiency by the ninth day of the experimental period when 
the thiamine level was 0 or 20 micrograms per 100 grams of 
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Table XI 
Time Required for Onset of Thiajnine Deficiency — Experiment IV 
Lot ^ 
Basal //2 Plus 10^ Menhaden I Plus 
Days lA IB 10 ID IE 2A 2B "~G 31—: 
8 
9 4 4 5 
10 1 1 1 1 3 
11 1 
12 3 f 
13 
14 1 
15 1 
17 
18 ] 
19 
Total 5 4 0 0 0 5 3 1 0 0 5 / 
Ave,(Days) 9»2 12.5 9.2 12,0 10.0 , 9.0 i; 
Lot 1-A Autoclaved Baaal Diet //2 + 0 ng. Thiamine 
o
 
o
 cms. 
. (Negative Control) 
o
 
o
 
Lot 1" -B Autoclaved Basal Diet /^2 + 20 Thiamine /lOO gms. 
(Positive Control) 
•Lot 1--C Autoclaved Basal Diet #2 + 30 lifi. Thiamine /lOO gms, 
(Positive Control) 
Lot 1-D Autoclaved Basal Diet //2 + 40 lig. Thiamine /lOO gms, 
(Positive Control) 
Lot 1--E Autoclaved Basal Diet //2 + 50 ng. Thiamine /lOO gms, 
(Positive Control) 
Lot 2--A Autoclaved Basal Diet ji'2 + 0 lig. Thiamine /lOO gms. + 10^ 
Menhaden I Fish Meal 
Lot 2--B Autoclaved Basal Diet #2- + 20 Thiamine /lOO gms. + 10!^  
Menhaden I Fish Meal 
Lot 2--0 Autoclaved Basal Diet //2 + 30 US. Thiamine /lOO gms, + 105g 
Menhaden I Fish Meal 
Lot 2' -D Autoclaved Basal Diet #2 + 40 ng. Thiamine /lOO gma. + lOjg 
Menhaden I Fish Meal 
Lot 2 -E Autoclaved Basal Diet #2 + 50 l^g. Thiamine /lOO gms, + 10^ 
Menhaden I Fish Meal 
Lot 3' -A Autoclaved Basal Diet + 0 )lg. Thiamine /lOO gms. + 205^ 
Menhaden I Fish Meal 
Lot 3 -B Autoclaved Basal Diet //2 + 20 pg. Thiajuine /lOO gms • + 20% 
Menhaden I Fish Meal 
Lot 3 -C Autoclaved Basal Diet #2 + 30 ng. Thiamine /lOO gms. + 20% 
Menhaden I Fish Meal 
Lot 3 ~D Autoclaved Basal Diet #2 + 40 pg. Thiamine /lOO gms, + 20% 
Menhaden I Fish Meal 
/lOO Lot 3 -E Autoclaved Basal Diet //2 + 50 pg. . Thiamine gms. + 20% 
Menhaden I Fish Meal 

Lot No, 
Plus 20^^ Menhaden I Plus 10% Tuna Plus 20^ Tuna 
A 3B 3C 3D 3E 4A 4B 4G 4D 4E 5A 5B 50 5D 5E 6A 
1 
3  
3 
2 
1 
4  
•2 
i 
1  
1  1  
1  
1  
1  
1  
1  
4  1  0  0  5  3  1  0  5 0 1 0  0 5  
0  1 3 , 0  J 1 2 . 0  • 9 . 8  1 5 . 3  1 3 . 0  9 . 4  1 9 . 0  9 . f i  
lojg 
10^  
10% 
10% 
10% 
Z0% 
20% 
20% 
20% 
20% 
Lot 4-A Autoclaved Basal Diet 
Meal 
Lot 4-B Autoclaved Basal Diet 
Meal 
Lot 4~C Autoclaved Basal Diet //2 
Meal 
Lot 4*-D Autoclaved Basal Diet #2 
Meal 
Lot 4-E Autoclaved Basal Diet #2 
Meal 
Lot J-A Autoclaved Basal Diet #2 
Meal 
Lot 5-B Autoclaved Basal Diet #2 
Meal 
Lot 5-C Autoclaved Basal Diet ?f2 
Meal 
i Lot 5~D Autoclaved Basal Diet ifZ 
\ Meal 
Lot 5~E Autoclavcd Basal Diet #2 
Meal 
Lot 6-"A Purified Basal Diet #3 + 
(Negative Control) 
j Lot 6-B Purified Basal Diet #3 + 
(Positive Control) 
Lot 6-C Purified Basal Diet //3 + 
(Positive Control) 
Lot 6~D Purified Basal Diet ;r3 + 
(Positive Control) 
Lot 6-E Purified Basal Diet //3 + 
(Positive Control) 
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+ 20 ng. Thiamine /lOO gms, + 20% 
+ 30 }ag. Thiamine /lOO gxns, + 20% 
+ 40 lig. Thiamine /lOO gxns, -n 20^ 
+ 50 )ag. Thiamine /lOO gms, + 20$^ 
0 }ig. Thiamine /lOO gms. of diet 
20 jig. Thiamine /lOO gma, of diet 
40 jig, Thiujnine /I'OO gins, of diet 
60 jag. Thiamine /lOO gxns, of diet 
80 jig. Thiamine /lOO gms, of diet 
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d Basal Diet #2 + 40 \ig. Thiamine /lOO gms. + 10^ Tuna Fish 
id Basal Diet ^^2 + 50 }ag. Thiamine /lOO gms. + 10^ Tuna Fish 
id Basal Diet //2 + 0 p.g. Thiamine /lOO gms, + 20^ Tuna Fish 
id Basal Diet §2 + 20 jig. Thiamine /lOO gms, + 20^ Tuna Fish 
id Basal Diet #2 + 30 yig. Thiamine /lOO gms, + 20% Tuna Fish 
)d Basal Diet #2 + 40 jig. Thiamine /lOO gms, + 20^ Tuna Fish 
5d Basal Diet #2 + 50 }ig. Thiamine /lOO gms, + 205^ Tuna Fish 
Basal Diet #3-^0 }ag. Thiamine /lOO gms, of diet 
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Basal Diet §3 + 20 jig. Thiamine /lOO gma, of diet 
3 Control) 
Basal Diet //3 + 40 jig. Thiamine /I'OO gms, of diet 
3 Control) 
Baaal Diet fr3 + 60 jig. Thiamine /lOO gms. of diet 
3 Control) 
Basal Diet #3 + SO jig. Thiamine /lOO gxas, of diet 
0 Control) 
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diot, Whon the thiamine level was increased to 60 laicrogi-ams 
per 100 grains of diet, the characteristic thiamine deficiency 
symptoms were delayed until the thirteenth day. The 80 micro­
gram level prevented the deficiency entirely. 
Nature of a.vmptoms. Thiamine deficiency symptoms ob­
served throughout various lots in Experiment IV were the same 
as those described for Experiment I. Plate II illustrates 
some of the observed typical tetanic and opisthotonos symp-
toma, * i 
Reanonse to treatment. Data recorded in Table XII 
illustrates that deficient chicks responded well to oral, 
curative administration of thiamine. The average dose used 
was 114.2 micrograms; the average time required for recovery 
was 2,4 hours, 
f 
Recovery of 86,0 per cent of all deficient chicks treated 
was attained in this experiment. Five chicks that died were 
apparently too exhausted to recover from shock of handling 
and administering the thiamine solution. One chick was slovf 
to respond and so was given a second oral adjninistration the 
following day, but viaa later found dead. Two other chicks 
were showing improvement, but died during the dinner hour, 
Plate II illustrates speedy recovery from oral adminis­
tration of thiamine. 
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Fig, 1, Chick Hky Lot 6A fed the purified 
basal diet j^3 plus 0 micrograms 
thiamine per 100 grams of diet, 
Age — 9 days. 
Fig, 2, Same chick four hours after adminis­
tration of two 100 microgram doses 
thiamine. 
Plate II. Representative chick showing typical thiamine 
deficient symptoms and recovery following oral 
administration of thiamine. 
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Table XII 
Tijue and Dosage Hoquiremonts for Recovery of Thiamine Defi­
ciency — Experiment IV 
Thiiimine Required 
Wo, Recovery • •  ( -a cirograms) 
Chicks Time (lira.) 10 5 200 
2 1 .25 2 
10 1 »50 10 
1 1 .50 1 
8 1 .75 8 
9 2 .00 9 
3 2 .25 3 
3 2 .50 3 
3 2 .75 3 
2 3 ,00 2 
1 k .00 1 
2 4 .25 2 
2 4 .50 2 
1 4 .75 1 
1 5 .50 1 
1 6 .25 1 
6 Deceased 6 
2 Deceased 2 
Average 2 .4 Hrs. 114.2 ng. 
Observed reauiroments for orotectivo level of thiamine for the 
ohi ck 
Basal Diet ig. As illustrated by Table XI, the protective 
requirement was observed to be 30 micrograms thiamine per 100 
grama of diet. This was considerable lovrer than that found in 
the previous inveatigationa. V/hen 10 or 20 per cent Menhaden I 
and 20 per cent Tuna fish meal were incorporated into the diet, 
it was noted there was one case of typical thiamine deficiency, 
but the previously reported 40 micrograms per 100 grams of 
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diet level gave adequate ijrotection. 
Basal Diet #3. This purified diet required a higher 
thiamine level to provide adequate protection than autoclaved 
basal diet //2. From the preliminary study, it appears the 
protective level was over 60 inicrograma since this level re-
suited in 40 per cent deficiencies, whereas 80 micrograms per 
100 grams of diet produced no thiamine deficiencies. 
Observed factors influencinp: thiamine requirements of the 
chick 
Results obtained in this experiment substantiate findings 
of Experiments II and IIIj that is, the kind of supplementary 
protein used has a marked effect upon thiamine requirement of 
the chick. It is definite that use of a purified diet altered 
thiamine requirement. These results indicate that kind and 
quality of supplementary protein and other dietary factors in­
fluence the thiamine requirement of the chick. 
Inclusioii of the fish meals may have had some influence 
on thiamine requirement! hovfever, the nun^ber of chicks in each 
lot was too small to be able to draw any definite conclusiona. 
Observed gro^vth rate 
Table XIII and Figures 4, 5, 6, 7, 8 and 9 shov/ that the 
grov/th rate of the chicks v/as similar to that observed in 
previous experiments, 
A study of (Table XIV in the Appendix) reveals that highly 
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oignificant difforencos in growth vfaa produced by the various 
diets, Furthermore, an analysis of chick vreights for the 
lots which produced no deficiencies shov/ed a highly signifi­
cant difference in chick growth. Gombinin{j the results ob­
tained at the various levels of thiamine for each fish meal 
that produced no deficiencies, it was found there v/ere non­
significant differences in the rate of growth obtained by 
feeding 10 and 20 per cent Menhaden I or 10 and 20 per cent 
Tuna fish meal. Comparing the two fish meals themselves, it 
was found there were nonsignificant differences between the 
grovfth rate at both the 10 and 20 per cent levels. 
Basal diet #2 supplemented with 20 per cent Tuna and 
Menhaden 1 fish meal gave better growth than vjhen supplemented 
with 10 per cent of these fish meals. This suggests that the 
basal diet was still inadequate v;^ith respect to protein qual­
ity and or quantity and possibly other factors. 
Basal diet supplemented with 80 micrograms thiamine 
per 100 grams of diet resulted in a growth rate similar to 
basal diet //2 supplemented v^ith levels of 20 or more micro-
grama of thiamine. As is shown by (Table XIV in the Appendix) 
there v^ere nonsignificant differences in chick growth pro­
duced by basal diet #2 and //3» 
Lot 6-A Purified Basal Diet #3 + 0 ng. Thiamine /lOO gms, of 
diot (Negative Control) 
Lot 6-B Purified Basal Diet *5^3 + 20 }ig. Thiamine /lOO gms, of 
diet (Positive Control) 
Lot 6-C Purified Basal Diet //3 + 40 )ag. Thiarnine /lOO gms, of 
diet (Positive Control) 
Lot 6~D Purified Basal Diet #3 + 60 }ag. Thiamine /lOO gms. of 
diot (Positive Control) 
Lot 6~E Purified Basal Diet //3 + 80 fxg. Thiamine /lOO gms, of 
diet (Positive Control) 
Table XIII 
Diets Used 
Lot 1-A Autoclaved Basal Diet ii2 + 0 jig. Thiaraine /lOO gms3« 
(Negative Control) 
Lot 1-B Autoclaved Basal Diet //2 -i- 20 jig, Thiajjiiiie /lOO gms, 
(Positive Control) 
Lot 1-0 Autoclaved Basal Diet #2 + 30 jig. Thiainine /lOO gms, 
(Positive Control) 
Lot 1-D Autoclaved Basal Diet #2 + 40 (ig. Thiajuine /lOO gms, 
(Positive Control) 
Lot 1-B Autoclaved Basal Diet //2 + 50 |ig. Thiamine /lOO gms, 
(Positive Control) 
Lot 2-A Autoclaved Basal Diet /r2 + 0 )ag, Thiajnine /lOO gms, 
lO/S Menhaden I Fish Meal 
Lot 2~B Autoclaved Basal Diet )f2 + 20 )ig. Thiamine /lOO gms, 
10^ Menhaden I Fish Meal 
Lot 2-C Autoclaved Basal Diet r}2 + 30 |ig. Thiamine /lOO gjus, 
1055 Menhaden I Fish Meal 
Lot 2-D Autoclaved Basal Diet #2 + 40 )ig. Thiamine /lOO grns, 
1.0% Menhaden I Fish Meal 
Lot 2-E Autoclaved Basal Diet //2 + 50 jig, Thiaraine /lOO gms, 
10^ Menhaden I Fish Meal 
Lot 3-A Autoclaved Basal Diet #2+0 }ag. Thiamine /lOO gras, 
20/S Menhaden I Fish Meal 
Lot 3-B Autoclaved Basal Diet #2 + 20 jig. Thiamine /lOO gms, 
20^ Menhaden I Fish Meal 
Lot 3""C Autoclaved Basal Diet #2 + 30 fig. Thiamine /lOO gms 
2 05^ Menhaden I Fiah Meal 
Lot 3-0 Autoclaved Basal Diet //2 + 40 jig. Thiamine /lOO gras 
20^ Menhaden I Fish Meal 
Lot 3-2 Autoclaved Basal Diet #2 + 50 Thiamine /lOO gras 
20% Menhaden I Fish Meal 
Lot 4~A Autoclaved Basal Diet //2 + 0 p.g, Thiaraine /lOO gms 
10%' Tuna Fish Meal 
Lot 4~B Autoclaved Basal Diet #2 + 20 ^ g, Thiaraine /lOO gms 
10^ Tuna Fish Meal 
Lot 4~C Autoclaved Basal Diet •//2 + 30 \ig. Thiamine /lOO gms 
lO;^ Tuna Fish Meal 
Lot 4~D Autoclaved Basal Diet u2 + 40 jig. Thiamine /lOO gms 
10^ Tuna Fish Meal 
Lot 4~^ Autoclaved Basal Diet //2 + 50 }ag, Thia.'tiine /lOO gras 
10^ Tuna Fiah Meal 
Lot 5-''^ Autoclaved Basal Diet //2 + 0 ^g, Thiajnine /lOO gms 
20^ Tuna Fish Meal 
Lot 5-J3 Autoclaved Basal Diet i-2 + 20 jig, Thiajnine /lOO gras 
205^ Tuna Fish Meal 
Lot 5~C Autoclaved Basal Diet //2 + 30 ^ g. Thiamine /lOO gms 
20% Tuna Fish Meal 
Lot Autoclaved Basal Diet H2 + 40 jig, Thiajnine /lOO gms 
20^ Tuna Fish Meal 
Lot 5-E Autoclaved Basal Diet #2 + 50 pg, Thiajnine /lOO gras 
20^ Tuna Fish Meal 
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Table XIII 
Effect of Diet on Growth Rate — lixperiment IV 
Lot (Age 
No, 0 7_ 
1~A 40.4 41.0 
1-B 40.4 54.8 
1-C 40.0 54.8 
1-D 39.4 60.6 
1-E 37.2 50.0 
2-A 40.0 41.2 
2-B 43.2 59.2 
2-C 39.8 61.8 
2-D 41.8 65.4 
2-E 38.4 59.0 
3-A 39.4 40.8 
3-D 38.2 59.6 
3-C 39.4 67.4 
3-D 39.0 72.6 
3-E 39.2 69.0 
4-A 41.8 54.4 
4-B 39.8 64.0 
4-C 37.8 58.0 
4-D 38.2 65.8 
4-E 39.2 64.6 
5~A 39.0 54.0 
5-B 41.0 65.8 
5-C 41. ^ 76.6 
5-D 40.8 69.2 
5~E 39.6 65.4 
6-A 39.8 44.8 
6-B 37.2 50.0 
6-C 39.6 63.6 
6-D 39.0 54.4 
6-E 40.2 68.4 
V/eight in Grama Gins. Gain 
/Chick/ 
Grams Day to Rat-
14 21 Gain 21 Days ing 
(11) 
(14) 
65.0 121.0 80.6 3.8 
80.2 105.2 65.2 3.1 
88.6 119.8 80.4 3.8 
71.6 97.2 60.0 2.9 
83.3 139.0 95.8 4.6 
101.5 143.5 103.7 4.9 
97.4 135.6 93.8 4.5 
97.2 133.8 95.4 4.5 
94.0 167.5 127.7 6.1 
88.6 140.0 102.2 4.9 
101.8 157.8 119.6 5.7 
104.4 161.4 122.2 5.8 
100.6 152.0 111.0 5.3 
123.0 188.8 147.2 7.0 
110.4 166.2 125.4 6.0 
103.2 155.4 115.8 5.5 
64.0 77.0 39.8 1.9 
80.0 97.0 57.4 2.7 
58.7 71.7 32.7 1.6 
86.8 116.6 76,4 3.6 
9) 
( 8) 
(10) 
(10) 
88.5 140.0 101.8 4.9 ( 8) 
109.5 158.5 119.1 5.7 ( 5) 
109.4 167.0 128.0 6.1 ( 2) 
111.2 160.2 121.0 5.8 ( 4) 
(16 
(15) 
(17) 
(12) 
-79-
Observod food consumptlon 
Tho results eiven in Table XIV and Figures 4> 6, 7> 
8 and 9 substantiate previous findings that there is a close 
relationship between the grams of food consumed per chick 
per day and grams gain per chick per day. Chicks receiving 
basal diet #2 supplemented v;ith 20 per cent Tuna and Menhaden 
I fish meals consumed more feed than the same diet supple­
mented vjith 10 per cent Tuna and Menhaden I fish meals. 
Chicks fed basal diet §2 consumed slightly more feed per 
chick per day than did chicks fed basal diet #3» 
There were no significant differences in feed consumption 
betv/een various lots supplemented with the different commer~ 
cial fish meals or various levels of thiamine beyond 30 micro­
grams . 
Lot 6~A Purified Basal Diet 
(Negative Control) 
Lot 6-B Purified Basal Diet 
(Positive Control) 
Lot 6-C Purified Basal Diet 
(Positive Control) 
Lot 6-D Purified Basal Diet 
(Positive Control) 
Lot 6-E Purified Basal Diet 
(Positive Control) 
//3 •'•0 Thiamine /lOO ems, 
//3 + 20 iiG« Thiaioine /lOO gms, 
//3 + 40 P-S* 'l-'hiamine /loO gms, 
#3 + 60 ng« Thiamine /lOO gins, 
•//3 + 80 pig. Thiamine /lOO gnis. 
Table XIV 
Diets Used 
Lot 1-A Autoclaved Basal Diet + 0 \ig. Thiamin© /lOO gms, 
(Negative Control) 
Lot 1-B Autoclaved Basal Diet //2 + 20 jig. ThiaMne /lOO gnis, 
(Positive Control) 
Lot 1-C Aut oclaved Basal Diet //2 + 30 jig# Thiamine /lOO gms, 
(Positive Control) 
Lot 1-D Autoclaved Basal Diet #2 + 40 jig, Thiaioine /lOO gnis, 
(Positive Control) 
Lot 1-E Autoclaved Basal Diet //2 + 50 \ig. Thiamine /lOO gms. 
(Positive Control) 
Lot 2-A Autoclaved Basal Diet ^2 + 0 p.g, Thianiine /lOO gms. 
10^ Menhaden I Fish Meal 
Lot 2-B Autoclaved Basal Diet //2 + 20 [ig* Thiamine /lOO gms, 
10^ Menhaden I Fish Meal 
Lot 2-C Autoclaved Basal Diet //2 + 30 p.g. Thiamine /lOO gms, 
10^ Menhaden I Fish Meal 
Lot 2-D Autoclaved Basal Diet /f2 + 40 ng. Thiamine /lOO gms. 
10^ Menhaden I Fish Meal 
Lot 2-E Autoclaved Basal Diet //2 + 50 jig. Thiamine /lOO graa. 
10% Menhaden I Fish Meal 
Lot 3~A Autoclaved Basal Diet #2 + 0 jxg. Thiamine /lOO gms. 
20^ Menhaden I Fish Meal 
Lot 3-B Autoclaved Basal Diet ^2 + 20 jig. Thiamine /lOO gms. 
20% .Menhaden I Fish Meal 
Lot 3-C Autoclaved Basal Diet //2 + 30 |ig. Thiamine /lOO gms 
20^  Menhaden I Fish Meal 
Lot 3-B Autoclaved Basal Diet #2 + 40 jig. Thiamine /lOO gms 
20^  Monhadon I Fish Meal 
Lot 3-^ Autoclaved Bac.al Diet #2 + 50 [ig, Thiajaine /lOO gms 
20^ Menhaden I Fish' Meal 
Lot 4-A Autoclaved Basal Diet fl-2 + 0 |ag. Thiamine /lOO gms 
10^ 5 Tuna Pish Heal 
Lot 4-B Autoclaved Basal Diet #2 + 20 \ag. Thiamine /lOO gms 
I03I Tuna Fish Meal 
Lot 4~C Autoclaved Basal Diet if2 + 30 ug. Thiamine /lOO gms 
10^  Tuna Fish Meal 
Lot 4~D Autoclaved Basal Diet //2 + 40 Ug. Thiamine /lOO gms 
10^  Tuna Fish Meal 
Lot 4"-® Autoclaved Basal Diet j^'2 50 ug. Thiamine /lOO gms 
10% Tuna Fish Meal 
Lot 5~A Autoclaved Basal Diet #2 + 0 }ig. Thiamine /lOO gmo 
20% Tuna Fish Meal 
Lot 5~B Autoclaved Basal Diet #2 + 20 jig. Thiamine /lOO gms 
20% Tuna Fish Moal 
Lot 5~C Autoclaved Basal Diet ^2 + 30 ug. Thiamine /lOO gms 
20^  Tuna Fish Moal 
Lot 5~B Autoclaved Basal Diet f^2 + 40 |.ig. Thiamine /lOO gms 
20^  Tuna Fish Meal 
Lot 5-"E Autoclaved Basal Diet f)^2 + 50 ug. Thiamine /lOO gms 
20^ Tuna Fish Meal 
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Table XIV 
Effect of Diet on Food Consumption Rate -- Experiment IV 
Weeks Total Ctbis .Consumed 
Lot Grams /Chick/Day Rat-
No, 1 2 3 Consumed to 21 Days ing 
1-A 4.2 
1-B 6.6 6.9 17.3 
1-C 8.0 9.1 12.4 
1~D 7.2 10.5 14.9 
1~E 6.3 8.4 10,5 
2-A 4.1 
2-B 8.9 9.4 15.4 
2-C 7.5 11.7 15.7 
2-D 7.9 13,7 18,5 
2-E 7.0 12,6 19.0 
3-A 3.8 — 
3-B 6.6 9.3 10.1 
3-C 7.3 10,7 15.8 
3-.D 7.4 11.5 16.1 
3-E 7.0 12.1 16,3 
4-A 5.0 M**w aar mm 
4-B 6.7 10.3 14.9 
4-C 6.9 12.0 15.1 
4-D 7.5 7.4 16.2 
4-E 7.0 11.9 18,5 
5-A 4.6 
5-B 6.5 11.1 15.2 
5-C 8.2 14.1 18.6 
5««D 6.9 12.0 18.8 
5-E 7.3 11.6 14.4 
6-A 3.8 
6—B 4.9 5.1 14.1 
6-C 6.9 9.7 21,0 
6-D 6.2 7.8 8.3 
6~E 8.0 9.7 10.7 
215.6 10.3 (15) 
207.0 9.9 (16) 
228,4 10.9 (12) 
175.4 8.4 (18) 
236.2 11.2 (10) 
243.6 11.6 ( &) 
280.6 13.4 ( 2) 
269.8 12.8 ( 3) 
181.5 8.6 (is) 
236.5 11.3 (9) 
2 4 4 . 8  1 1 , 7  ( 7 )  
247.6 11.8 (6) 
222.9 10.6 (13) 
238.0 11.3 ( 9) 
217.9 10.4 (14) 
262.6 12.5 ( 5) 
229.9 10.9 (12) 
286.4 13.6 ( 1) 
264.0 12.6' ( 4) 
233.2 11.1 (11) 
169.3 8.1 (19) 
262.7 12.5 (5) 
156.1 7.4 (20) 
198.8 9.5 (17) 
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Tho mortality encountered in Experiment IV waa found to 
be 6.0 per cent. Four chicks died soon after the administra­
tion of thiamine. Apparently tho shock was too great for the 
exhausted chicks. Another chick showed improveiaent after 
thiamine administration, but on tho second day it still showed 
symptoms, and a second dose of thiamine was given. The chick 
was later found dead. It is felt that the reason another of 
tho chicks did not recover was that the deficiency developed 
during the nightj the chick vfas nearly dead at the time tho 
thiamine v/as administered. Two other chicks appeared to be 
recovering after thiam3.ne therapy, but they were later found 
dead. Another chick shovfed early stages of thiajuine deficiency 
on tho ninth day; however, since it vras thought that the chick 
would live until the following day (so that it could be photo­
graphed) no thiamine was given. This chick died during the 
ni ght. 
Summary 
Results of this experiment revealed that the incorpora­
tion into basal diet //2 of 10 or 20 per cent Menhaden I or 
Tuna fish meals had no noticeable effect upon the onset of 
thiamine doficioncy symptoms. It markedly affected growth. 
Diet #3 required a higher level of thiaxoine to give pro­
tection from thiamine deficiency than did diet //2. Eighty 
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jnicrograms thiainino per 100 grams of diet vfere required to 
give fairly satisfactory rate of grov/th, and to prevent thia­
mine deficiency. 
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Experiiuent V 
Ob.leotive 
It v/ao desired to repeat the study relative to what 
level of thiamine would give protection viith diet , Further­
more, it vfas decided to determine the effects of adding 10 
per cent of each of the nine available conunorcial fish prod­
ucts, crude cojamercial casein, corn gluten meal and soybean 
oil raeal to basal diet //3 supplemented with 80 micrograms 
thiamine per 100 grams of diet. 
Observed thiamine deficiency avmptoms in the chick 
Time of occurrence. Results of tliis experiment, as shown 
by Table XV, revealed that basal diet //3 gave typical thiamine 
deficiencies on the seventh to ninth day of the experimental 
period, V/hon this diet was supplemented with 40 micrograms 
thiandne per 100 grams of diet, characteristic symptoms v^ere 
not observed until the tenth dayj 60 micrograms did not result 
in typical deficiency symptoms until the thirteenth day. 
Eighty or more micrograms protected all chicks against thiamine 
deficiency. 
It was observed that vfhen basal diet was modified by 
the inclusion of 10 per cent commercial fish meal, and 80 
mlcrograxas thiamine per 100 grams of diet the onset of tho 
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Table XV 
Time Required for Onset of Thiajnine Deficiency — Experiment V 
' Lot No, 
Days 1 2 3 4 5 6 7 8 9 10 11 12 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
1 
2 
2 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
Total 5 4 3 0 0 0 0 0 3 1 0 1 
Ave,(Days) 8.2 14.0 13.0 14.0 17.0 19. C 
Lot 1 Basal Diet ^ 3+0 p.g. Thiamine /lOO gms. of diet 
(Negative Control) 
Lot 2 Baoal Diet #3 + 40 ^ g. Thiamine /lOO.gmQ» of diet 
(Positive Control) 
Lot 3 Basal Diet #3 + 60 jig. Thiamine /lOO gma, of diet 
(Positive Control) 
Lot 4 Basal Diet //3 + 80 ng. Thiamine /lOO gms. of diet 
(Positive Control) 
Lot 5 Basal Diet //3 + 100 yig. Thiamine /lOO gms. of diet 
(Positive Control) 
Lot 6 Basal Diet #3 + 140 yig. Thiamine /lOO gms. oi diet 
(Positive Control) 
Lot 7 Baaal Diet //3 + 180 }xg. Thiamine /lOO gma. of diet 
(Positive Control) 
Lot 8 Basal Diet #3 + 200 jig. Thiamine /lOO gms. of diet 
(Positive Control) 
Lot 9 Basal Diet //3 + 80 }ig. Thiamine /lOO gms, of diet + 10% 
Anchovy Pish Meal 
Lot 10 Basal Diet //3 + 80 \ig. Thiamine /lOO gms. of diet 10^  
Hj Fish Scrap , 

lent V 
>. 
LO 11 12 13 14 15 16 17 18 19 20 
1 
1 
1 
1 
1 
1 
1 0 1 
1 
3 , 1 2 3 2 2 1 
17.0 19.0 
?! 
1 14.7 1 1 1 ^
 
i 
1 12.0 14.3 13.5 14.5 14.0 
+ 10^ 
+ 10s« 
Lot 11 Baoal Diet #3 + 80 [xg. Thiamine /lOO gma, of 
10^ Hjj Fish Scrap 
Lot 12 Basal Diet #3 + 80 ^ g. Thiamine /lOO gms, of 
lO/S Mackerel Fish Meal 
Lot 13 Basal Diet #3 + 80 |xg. Thiamine /lOO gms, of 
10% Menhaden I Fish Meal 
Lot 14 Basal Diet //3 + 80 jxg, .Thiamine /lOO gms. of 
lOjS Menhaden II Fish Meal 
Lot 15 Basal Diet + 80 fig. ThiaminQ /lOO gms. of 
10^ Menhaden III Fish Meal 
Lot 16 Basal Diet 1^*3 + 80 jig, iThiamine /lOO gms, of 
10% Sardine Fish Meal 
Lot 17 Basal Diet #3 + 80 (ig. Thiamine /lOO gms, of 
10^ Tuna Fish Meal 
Lot 18 Basal Diet //3 80 jig. Thiamine /lOO gms, of 
10^ Crude Commercial Casein 
Lot 19 Basal Diet //3 + 60 ug. Thiamine /lOO gms. of 
10% Corn Gluten Meal 
Lot 20 Basal Diet //3 + 80 jig. Thiamine /lOO gms, of 
10% Soybean Oil Meal 
diet 
diet 
diet 
diet 
diet 
diet 
diet 
diet 
diet 
diet 
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deficiency v/as delayed until the tenth to tho nineteenth day. 
Likewise, when basal diet //3 was supploniented v;ith 80 micro­
grams thiamine per 100 grams of diet and 10 per cent crude 
comjjiorcial casein, corn gluten meal and soybean oil meal, the 
deficiencies wore delayed until tho tenth to fourteenth day 
of the experimental period. 
Mature of symptoms. Thiamine deficiency symptoms ob­
served throughout various lots in Experiment V vfere very 
similar to those described for Experiment I, 
Response to treatment. Findings recorded in Table XVI 
reveal that chicks responded to curative dosages of thiamine. 
Average quantity of thiamine administered v/as 110 micrograms 
and recovery time was found to be 3»0 hours for this experi­
ment . 
Percentage recovery attained was 96,8 per cent of all 
thiamine deficient chicks. The one chick that failed to re­
cover was in a severe state of exhaustion at the time of oral 
administration. It died soon afterwards. 
Observed requirements for protective level of thiamine for 
the chick 
Study of Table XV reveals that the protective level for 
basal diet was observed to be 80 micrograms thiamine per 
100 graros of diot which v/as the same as observed in Experiment 
IV, VJhen basal diet #3 was altered by addition of 10 per cent 
Anchovy, Hj, Mackerel, Menhaden II, Menhaden III, Sardine and 
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Tuna fish meal and 10 per cent autoclaved crude conunercial 
casein, corn gluten and soybean oil meal, the 60 micrograms 
thiamine per 100 grams of diet was found to be inadequate to 
give complete protection. 
Table XVI 
Time and Dosage Requirements for Recovery of Thiamine Defi­
ciency — Experiment V . 
No. 
Chicks 
Recovery 
Time (Hrs.) 
Thiamine Required 
(Mcrograms J 
100 200 
2 1.00 2 
2 1.25 2 
3 1.50 3 
1 1.75 1 
4 2.00 4 
3 2.25 3 
1 2.50 1 
4 3.00 4 
2 3.25 2 
1 4.00 1 
1 4.25 1 
1 4.75 1 
2 5.00 2 
1 6.00 1 
1 6.50 1 
1 6.00 1 
1 Deceased 1 
Average 3.00 Hrs. 110 
Observed factors influencing thiamine requirement of the chick 
Use of a purified diet. Findings throughout this experi­
ment substantiated those of the preliminary investigation of 
the previous experiment in that the purified diet required a 
higher level of thiamine to give protection. 
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Addltlon of commercial fish meals. Even though tho number 
of chicks used per lot xvas small and the groups wore not run 
in replicate, it is believed that the addition of tho oonuuer-
cial fish meal and fish scrap to tho purified basal diet may 
require a slightly higher level of thiamine, A 60 per cent 
deficiency resulted when the basal diet vma supplemented with 
10 per cent Anchovy, Menhaden II and Tuna fish meal, and a 40 
per cent deficiency occurred when the diet was supplemented 
v/ith 10 per cent Sardine fish meal. 
Addition of autoclaved animal and vegetable proteins, 
Altering basal diet #3 by addition of 10 per cent crude com­
mercial casein, corn gluten meal and soybean oil meal also 
made necessary a somewhat higher level of thiamine to give 
protection. 
Observed grovfth rate 
A study of Table XVII and Figures 10, 11, 12 azid 13 shows 
the data relative to growth rate. As is revealed by (Table XV 
in the Appendix) an analysis of variance of the 21 day chick 
weights revealed a significant difference in rate of grov/th 
throughout the nineteen lots. 
A comparison of Lots 1 to 8 reveals that rate of growth was 
as good v/hen basal diet frS was supplemented with 60 micrograms 
thiamine per 100 grams of diet as it was at higher levels of tliia-
mine. As is shown by the data (Table XV of the Appendix) there 
were nonsignificant differences in the rate of chick growth in 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Table XVII 
Diets Used 
Basal Diet //3 + 0 jig. Thiamine /lOO gms. of diet 
(Wogative Control) 
Basal Diet #3 + 40 jig. Thiamine /lOO gms. of diet 
(Positive Control) 
Basal Diet #3 + 60 ^g. Thiamine /lOO gms. of diet 
(Positive Control) 
Basal Diet #3 + 80 \ig. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet //3 +100 yig. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet //3 +140 \xg. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet //3 +180 ;ig. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet #3 +200 \ag. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet #3 + 80 \ig. Thiamine /lOO gms, of diet + 10^ 
Anchovy Fish Meal 
Basal Diet #3 + 80 (Jg, Thiainine /lOO gms, of diet + 10^ 
Hi Fish Scrap 
Basal Diet #3 + 80 jig. Thiamine /lOO gms, of diet + 10^ 
Hxi Fish Scrap 
Basal Diet //3 + 80 p,g. Thiamine /lOO gms, of diet + 10^ 
Mackerel Fish Meal 
Basal Diet //3 + 80 yig. Thiamine /lOO gms, of diet + lOj^ 
Menhaden I Fish Meal 
Basal Diet #3 + 80 }ig. Thiamine /lOO gms, of diet + 10% 
Menhaden II Fish Meal 
Basal Diet //3 + 80 ^ g. Thiamine /lOO gms, of diet + 10^ 
Menhaden III Fish Meal 
Basal Diet #3 + 80 yig. Thiamine /lOO gms, of diet + 10% 
Sardine Fish Heal 
Basal Diet #3 + 80 yig. Thiamine /lOO gms, of diet + lOjS 
Tuna Pish Meal 
Basal Diet #3 + 80 lag. Thiamine /lOO gms, of diet + 10^ 
Commercial Crude Casein 
Basal Diet #3 + 80 jig. Thiamine /lOO gms, of diet + lOjU 
Corn Gluten Meal 
Basal Diet //3 + 80 )ig. Thiamine /lOO gms, of diet + 10^ 
Soybean Oil Meal 
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Table XVII 
Effect of Diet on Growth Rato — Exporimont V 
Weight in Grams Grams Gain 
Lot (Age in Days) Grams /Chick/Day Rat­
No. 0 7 14 21 Gain ' to 21•Days ing 
1 39.6 39.2 r-- If —• • - p.. M L 1 i-n r- riM ni mi Ti- —J 
(18) 2 39.4 50.0 58,0 88,0 48.6 2.31 
3 41.6 65.6 97.0 132.5 90.9 4.33 (11) 
4 40.4 64.2 92.0 130.0 89.6 4.27 (13) 
5 41.6 64.2 94.8 132.6 91.0 4.33 (11) 
6 38.8 60.8 81,0 104.8 66,0 3.14 (17) 
7 39.2 63,0 90.4 129.6 90.4 4.30 (12 
8 40.6 67.4 92.0 127.6 87,0 4.14 (14) 
9 38.6 , 66.0 91.3 122,0 83,4 3.97 (15) 
10 42,0 67.4 97.0 ^151.8 109,8 5.23 ( 6) 
11 38.0 68.8 108,2 162.8 124.8 5.94 ( 5) 
12 39.0 72.0 112,4 167.5 128,5 6,12 ( 4 
13 39.4 61,0 97,2 146.2 106,8 5.09 
14 39.0 77.S 113.5 189.5 150,5 7.17 
15 40.8 66.8 100,8 169.8 129.0 6.14 I 3) 
16 39.6 69.6 109.8 190,0 150.4 7.16 
17 40.0 59.8 79.3 112,5 72.5 3.45 (16) 
18 40.4 63.2 85.5 141.3 100,9 4.80 ( 8) 
19 41.6 68,6 91.5 136,7 95.1 . 4.53 (10) 
20 39.0 67,0 91.2 139.5 100,5 4.79 ( 9) 
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fche lots showing no thiamine deficiency that received 60, 
100, 140, 180 and 200 raicrograina thiamine per 100 grams of 
the basal diet. An analysis of the chick v^eights for the 
nino lots receiving the various coimaercial fish products re­
vealed nonsignificant differences. Furthermore, a comparison 
of the two lota showing no thiamine deficiency, but receiving 
10 per cent Hix fish scrap and 10 per cent Menhaden I fish 
meal showed a nonsignificant difference in grov/th rate. 
Observed food consumption 
As is revealed by a study of Table XVIII and Figures 10, 
11, 12 and 13, there were large differences in food consump­
tion. As vfas noted in the previous experiments, chicks that 
grew the best consumed the most food. 
The chicks fed the basal diet plus 10 per cent of the 
commercial fish meals and fish scraps consujiied more food than 
the chicks fed the same basal diet plus 10 per cent crude 
commercial casein, corn gluten meal and soybean oil meal. 
It vras evident that the level of thiamine was related to 
food consumption only to the extent that at the low levels the 
chicks v/ere unable to get to the feed and eat because of the 
development of uncoordinated movements and paralysis. Under 
the conditions of this experiment, it vms found that the basal 
supplemented with 60 micrograms of thiamine per 100 grams of 
diet resulted in normal food consumption. 
Table XVIII 
Lot 1 
Lot 2 
Lot 3 
Lot 4 
Lot 5 
Lot 6 
Lot 7 
Lot 8 
Lot 9 
Lot 10 
Lot 11 
Lot 12 
Lot 13 
Lot 14 
Lot 15 
Lot 16 
Lot 17 
Lot 18 
Lot 19 
Lot 20 
Diets Used 
Basal Diet #3 + 0 jxg. Thiamine /lOO gms, of diot 
(Negative Control) 
Basal Diet //3 + 40 Thiamine /lOO gms. of diot 
(Positive Control) 
Basal Diet #3 + 60 yig. Thiamine /lOO gms. of diet 
(Positive Control) 
Basal Diet n-3 + SO |ig. Thiamine /lOO gms* of diet 
(Positive Control) 
Basal Diet //3 +100 \ig. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet #3 + 140 lig. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet +180\ig. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet //3 +200 jig. Thiamine /lOO gms, of diet 
(Positive Control) 
Basal Diet #3 + BO pg. Thiamine /lOO gras, of diot + 10^ 
Anchovy Fish Meal 
Basal Diet //3 + 80 pg. Thiamine /lOO gms. of diet + 10^ 
Hj Fish Scrap 
Basal Diet #3 + 80 jig. Thiamine /lOO gms, of diot + 10;^ 
Hjx Fish Scrap 
Basal Diet #3 + 80 p.g. Thiamine /lOO gms* of diet + lO/S 
Mackerel B'ish Meal 
Basal Diet //3 + 80 ug. Thiamine /lOO gras. of diet + lOfS 
Menhaden I Fish Meal 
Basal Diet #3 + 80 pg. Thiamine /lOO gras. of diet + 10^ 
Menhaden II Fish Meal 
Basal Diet //3 + 80 \xg. Thiamine /lOO gras, of diet + 10^ 
Menhaden III Fish Meal 
Basal Diet #3 + 80 jig. Thiamine /lOO gms, of diet + 10^ 
Sardine Fish Meal 
Basal Diet //3 + 80 |ig. Thiamine /lOO gras, of diet + 10^ 
Tuna Fish Meal 
Basal Diet //3 + 80 pg. Thiamine /lOO gms. of diet + 10% 
Crude Commercial Casein 
Basal Diet //3 + 80 jig. Thiamine /lOO gms. of diet + 10j5 
Corn Gluten Meal 
Basal Diet #3 + 80 pg. Thiamine /lOO gms, of diet + 10^ 
Soybean Oil Meal 
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Table XVIII 
Effect of Diet on Food Consumption Rate — Ex.periment V 
WQ0j,g Total Gms. Consumod 
Lot - - —- Grams /Chick/Day Rat-
No. 1 2 3 Consuiued to 21 Days ing 
1 3.1 « —  
2 5.1 5.1 4.7 104.3 5.0 
3 6.7 8.2 16.0 216.6 10.3 
4 6.4 10.6 17.1 238.8 11.4 
5 6,4 10.4 14.6 220.0 10.5 
6 6.9 9.2 12.7 201.4 9.6 
7 7.7 10.1 15.6 23 4.'2 11.2 
B 6.7 10.3 14.2 218.0 10.4 
9 6.1 S. 6 12.9 193.4 9.2 
10 7.1 10.8 15.7 234.8 11.2 
11 7.2 11.8 17.2 253.4 12.1 
12 7.0 9.7 17.1 236.1 11*2 
13 6,1 10.9 17.5 242.0 11.5 
14 8.0 12.0 17.8 264.2 12.6 
15 7.3 11.8 17.0 251.9 12.0 
16 6.2 9.4 19.4 245.2 11.7 
17 5.7 7.0 15.4 196.6 9.4 
le 5.9 7.1 13.2 184.1 8.8 
19 6.7 8.2 14.0 202.1 9.6 
20 7.4 8.7 12.3 198.9 9.5 
(16) 
( lo;  
6 )  
(  8 )  
(11) 
( 7) 
( 9) 
(14) 
( 7) 
(  2 )  
( 7) 
( 5) (  1)  
( 3) 
( 4) 
13 
(15) 
(11 
(12) 
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Morfcallty 
A vory low mortality of ono per cont was oxporienced in 
Experiment V. The chick that did not survive administration 
of 100 micrograms of thiamine solution was extremely exhausted 
and labored breathing was evident at time of administration. 
Necropsy findings revealed a slightly enlarged heart and 
spleon. 
Summary 
Results obtained in this experiment substantiate those 
of Experiments I, II, III and IV in that thiamine requirement 
is effected by type of basal diet used. It was observed that 
a lovel of 80 micrograms thiamine per 100 grams basal diet //3 
vms required to give complete protection. Altering the basal 
diet by incorporating 10 per cont Anchovy, Menhaden II, Tuna 
and Sardine fish meal and soybean oil meal made necessary a 
soraeivhat higher level of thiamine for complete protection. 
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Exporiment VI 
Ob.iective 
As a clijiiax to this atudy, it seoi-/iad advisable to detor-
mino the effect of addition of rav; and cooked Carp visceral 
tissue to basal diet it'i. 
Observed thiamine deficiency a.vmotoins in the chick 
Time of occurrence. Table XIX illustrates that basal 
diet supplemented vfith 100 micrograms thiamine per 100 
grams of diet plus 10 per cent fresh-frozen Carp viscera pro­
duced a typical thiamine deficiency on the ninth day of the 
experiment. The same diet supplemented v/ith the same level 
of thiamine plus 20 per cent fresh-frozen Carp viscera re­
sulted in typical thiamine deficiencies on the eighth day of 
« 
the experimental feeding period. 
Nature of symptoms. On the fourth day of the experiment, 
chicks in Lot 3 were observed to be standing around listless 
and droopy and some had ruffled plumage. By the sixth day, 
several of the chicks showed wing involvement and listlessness. 
By the seventh day, several chicks were walking about with an 
abnormal, uncoordinated gait. The first cases of typical 
opisthotonos, cartwheeling and exhaustion were produced in Lot 
3 on the eighth day of the experiraont. 
Chicks in Lot 2 were first noted to show signs of losing 
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thoir vigor on the sixth day of the experiment. The following 
day one chick v/as noted to show listlessneosj the wings were 
in the early stages of paralysis. By the eighth day the 
chicks were standing around and Vfere showing droopiiieas of 
the v/ings. On the ninth day of the experiment the chicks 
shovfed typical uncoordinated movements, opisthotonos and 
tetanic convulsions, 
A study of Plate III demonstrates the typical thiajnine 
deficient symptoms found in this experiment. 
Table XIX 
Time Required for Onset of Thiamine Deficiency — Experiment VI 
Lot Wo. 
Days 1 2 3 
8 3 
9 1 1 
10 1 
11 1 
12 2 
13 1 
Totals 0 5 5 
Ave. (Days) 11.4 8.6 
Lot 1 Basal Diet #3 + 100 ng. Thiainine /lOO gms, of diet + 
10^ heated Carp viscera 
Lot 2 Basal Diet #5*3 + 100 jig. Thiamine /lOO gma, of diet + 
lOjS unheated Carp viscera 
Lot 3 Basal Diet //3 + 100 ng. Thiamine /lOO gms, of diet + 
2055 unheated Carp viscera 
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Table XX 
Time and Dosage Requirements for Recovery of Thiamine Defi­
ciency — Experiment VI 
Dosage Required 
No. Recovery (Micrograms) 
Chicks Time (Hrs.) 50 100 
4  2 . 0 0  4  
1 3.00 1 
1 4.00 1 
1 5.00 1 
2 Deceased 2 
Average 2.9 Hrs. 93 Vig. 
Response to treatment. Table XX reveals that deficient 
chicks responded to curative doses of thiamine. The average 
curative dose used was 93.0 milcrograms of thiamine. The average 
recovery time vms 2,9 hours. A recovery of 77.8 per cent of 
all deficient chicks vfas obtained in this experiment. 
The two chicks that failed to recover had been given an 
oral administration of 100 micrograms of thiamine at night, 
but apparently this was insufficient for the chicks were found 
dead the following morning, Plate III demonstrates recovery 
following oral administration of thiamine. 
Observed requirements for protective level of thiamine for the 
chick 
This experiment was not designed to study the protective 
level of thiaxaine for the chick. However, it was noted that 
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Fig. 1, Chick #4, Lot 2 fed purified basal 
diet #3 plus 100 micrograms thiamine 
per 100 grams of diet plus 10 per 
cent unheated Carp viscera. Age — 
12 days. Weight — 3S grams. 
Fig, 2. Same chick 2 hours and 10 minutes 
after administration of 100 micro­
gram dose of thiajnine, 
Plate III, Representative chick showing typical thiamine 
deficient symptoms and recovery following oral 
administration of thiamine. 
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Plate IV 
Illustration of typical normal growth and 
feathering observed in Lot 1, chick 
(Purified basal diet #3 plus 100 micrograms 
thiamine per 100 grams of diet plus 10 per 
cent heated Carp viscera.) 
Age — 12 days. Weight — 97 grams. 
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vihon the basal diet plus heated Carp viscera v/as aupplementod 
with 100 iidcrograms thiamine per 100 grams of diet it gave 
adequate protection. On the other hand, basal diet //3 supple~ 
mented vfith 100 micrograra.s thiamine per 100 grams of diet plus 
10 and 20 per cent unheated fresh-frozen Carp viscera resulted 
in a 100 per cent thiamine deficiency. 
Observed factors influencing thiamine requirements of the 
chick 
It is quite obvious that fresh-frozen Carp viscera con­
tains a factor (or factors) v;hich destroy(s) or inactivateCs) 
the thiamine in the diet. This factor (or factors) is/are 
destroyed by moist heat. 
Observed nrov/th yate 
A study of Table XXI and Figure 14 reveals that the group 
fed basal diet //3 supplemented vfith 100 micrograms thiamine 
per 100 grams of diet and 10 per cent heated, fresh-frozen, 
ground Carp viscera grevf better than basal diet #3 supple­
mented with 100 micrograms thiamine per 100 grams of diet as 
in Experiment V, Plate IV illustrates the normal growth re­
sulting from the feeding of this diet. 
Chicks fed basal diet supplemented with 100 micro-
I 
grams thiamine per 100 grams of diet plus 10 per cent unheatod, 
fresh-frozen, ground Carp viscera grew better than chicks fed 
the same diet supplemented with 20 per cent unheated Carp 
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viscera. 
Table XXI 
Effect of Diet on Grov/th Rate -- Experiment VI 
Vii eight in Grams Gms, Gain/ 
Chick/Day 
to 21 Days 
Lot 
No. 0 
(Age 
7 
in Days) 
14 21 
Grams 
Gain 
1 
2 
3 
36.4 
36.2 
33.4 
63.6 
49.6 
36.0 
100.2 146.8 110.4 5.26 
Lot 1 Basal Diet ^3 + 100 jig. Thiamine /lOO gras, of diet + 
10?o heated Carp viscera 
Lot 2 Basal Diet //3 + 100 jxg. Thiamine /lOO gms. of diet + 
10^ unheated Carp viscera 
Lot 3 Basal Diet //3 -i- 100 p.g. Thiamin© /lOO gjns, of diet + 
20^ unheated Carp viscera 
Observed food consumption 
Table XXII and Figure 14 reveal that food consumption 
vma greatly altered by feeding 10 and 20 per cent unheated 
fresh-frozen, ground Carp viscera as compared with baaal diet 
#3 supplemented with 10 per cent heated Carp viscera,. 
The food consumption of chicks fed the basal diet supple­
mented v/ith 10 per cent heated, Carp viscera and 100 micro­
grams thiamine per 100 gx'ams diet was quite similar to that 
observed for this baaal diet supplemented with 100 micrograms 
thiamine per 100 grams diet in Experiment V. 
Chicks fed 20 per cent unheated Carp viscera consumed 
loss food than chicks fed 10 per cent unheated Carp viscera. 
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Lot I 
Basal No.3 -^100 pg. 
.Thiamine/ 100 Gms. 
Diet ^IO%Heated Carp 
Viscera 
K 21 
Lot 2 
Basal No.3 100 |jg. 
.Thiamin#/ 100 Gms. 
Diet-*-10% Unhealed 
Carp Viscera 
Lot 3 
Basal No.3 100 mq. 
Thiamine/ 100 Gms. 
Diet -*-20% Unhealed 
Corp Viscera 
0 7 14 21 
Age in Days 
20 
15 
14 21 
•o 
M 
o 
o 
>t 
o 
o 
25 •= u !c 
O 
•a 
« 
E 
Z3 
SO 
c 
o 
o 
TJ O 
o 
u. 
in 
E 
o 
o 
Fig, 14. The Effect of Diet on Growth and Food Consumption 
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Table XXII 
Effect of Diet on Food Consumption Rate — Exporimont VI 
Lot 
No. 1 
V/eeks 
2 3 
Total 
Grams 
Consumed 
Gras. Conaumed 
/Chick/Day 
to 21 Days 
1 6.71 13.14 14.31 239.2 11.4 
2 5.37 1.11 — - -—— 
3 4 • 4^ MM. 
Lot 1 Basal Diot ?/3 + 100 }ig. Thiamine /lOO gras. of diet + 
10^ heated Carp viscera 
Lot 2 Basal Diet #3 + 100 vig» Thiamine /lOO gms, of diet + 
10^ unheated Carp viscera 
Lot 3 Basal Diet //3 + 100 Thiamine /lOO gms. of diot + 
20/S unheated Carp viscera 
Mortality 
A mortality of 20 per cent vms encountered in Experiment 
VI, Tvfo chicks that died had been given 100 micrograms thia­
mine as a curative dose at 10:00 p.m.; hov;ever, this vjas in­
sufficient, and the chicks were dead by the following morning. 
Another chick was nearly dead with typical thiamine deficiency 
when found at SjOO a.m. It was so exhausted that it died be­
fore any thiamine could be administered. 
Summary 
Results obtained in this experiment v/ere quite spectacu­
lar. Basal diet #3 supplemented with 100 jnicrogramo thiamine 
per 100 grams of diet and 10 per cent heated Carp viscera gave 
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fairly good grovith and normal devolopmont. The same diot 
aupplementod v;ith 10 and 20 per cent unhoated Carp viscera 
resulted in typical thiamine deficiencies that were cured by 
oral administration of thiamine. 
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D13GUSSI0N 
As was stated in the reviev/ of literature many investi­
gators have observed that the first symptoms of thiamine de­
ficiency vfith poultry is a loss of appetite. The writer is 
of the belief that this has been overemphasized for it was 
observed throughout this study that chicks continued to eat 
some food until they were unable to coordinate"the movements 
necessary for eating and drinking. The writer suggests that 
listlessness, droopiness, and ruffled plumage appear as symp­
toms prior to emaciation and mild incoordinated tromorous 
movements and that appetite, per ae, is not a symptom. In 
general, hovfover, the observed symptoms of the thiamine de­
ficiency were in agreement vfith those in the literature. Time 
of onset of the deficiency symptoms was found to be in close 
agreement with previous findings. 
It was observed that thiamine requirements of chicks 
during the first three weeks of life are markedly influenced 
by the type of diet fed. For example, it was noted that the 
autoclaved, basal diet §1, required between 50 and 80 micro­
grams per 100 grams of diet. This is in agreement with the 
findings of Arnold and Elvehjem (1938) that chicks are pro­
tected when fed 60 to 80 jnicrograms of tliiamine per 100 grama 
of diet. On the other hand autoclaved, basal diet //2, com­
posed of two additional supplementary proteins gave protection 
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vihon supplemented with levels of only 30 to 40 juicrograma. 
Altering this basal diet by adding 7 per cent vitamin-test 
casein and 10 per cent gelatin raised the thiamine require­
ment, This result agrees with the findings reported by Borg-
strom and Hamjnarsten (1944) • Those workers observed that in­
creasing the protein raises the thiajnine requirement. Supple­
menting this same basal diet with riboflavin and folic acid 
also raised the thiamine requirement. This result is in line 
with the findings of Locoq (1934) who observed that the pre­
sence in the diet of large proportions of certain substances 
like galactose and lactose unbalanced diets so that equilibrium 
can no longer be restored vrith brevfer's yeast. 
The purified basal diet #3 (unheated and made up of in­
gredients free of or low in thiajnine) required a high thiar/iine 
requirement (80 micrograms per 100 grams feed). The writer 
la of the opinion that this higher requirement is the result 
of using purified carbohydrates (dextrose and dextrin) since 
Lecoq (1934) found that the special nature of glucosides 
exerts considerable influence on rate of evolution of total 
thiamine avitaminosis and also on the thiamine level required 
to maintain birds in a satisfactory physiological condition. 
He also reported that thiamine requirements are especially 
high with diets based on glucose or sucrose, and that with 
substantially equal digestibility thiamine requirements seem 
greater with glucosides. This postulation is supported by 
the findings of Sakurai and Omori (1940) vfho observed that the 
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thiajnlno requirement of the rat was greater when glucose or 
sucrose was the sole carbohydrate in the diet. 
Results of this investigation revealed that the thiainine 
roquiremont of the chick (necessary to prevent polyneuritis) 
is considerably less than the 130 to 150 micrograms per 100 
grams of diet reported in the United States Pharraacopoeia 
(1939) and by Jukos and Heitman (I940), 
Results of studies have shown that the addition of the 
particular samples of fish meals and fish scraps used had 
little influence on the thiamine requirement of the chick. 
The writer is of the belief that, if the destructive enzyme 
was ever present in the various samples of the fish products 
tested, it must have been destroyed during the processing. 
This does not mean that other samples of these kinds of fish 
products that were sub^jected to different processing and 
handling might not show more thiamine destructive activity. 
It was demonstrated that the addition to the diet of 10 
or 20 per cent unheated, frojsen Carp viscera greatly influenced 
thiajnine requirement of the chick. Heating the Carp tissue 
readily destroyed the factor (or factors) responsible for 
this effect. This supports findings previously reported by 
Spitzer et al. (I94I), Owen and Ferrebee (1943)* Smith and 
Proutt ^1944)^ Deutsch and Hasler (1943) and Krampitz et al. 
(1944). 
The chemical test for the thiamine destroying factor was 
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3lightly positive for tho Menhaden I and Tuna fish meals and 
was strongly positive for the unheated Carp viscera* The 
boiled Carp viscera shovfed no activity, 
Roaults of this study revealed that there are differences 
in grov/th rate for chicks fed the various basal diets v/ith and 
without the addition of the different commercial fioh meals, 
VYhen the basal diets wore supplemonted v;ith 20 per cent fish 
meal^ grov/th was better than v;-hen basal diets v;ere supple­
mented with 10 per cent fiah mealj both were generally supe­
rior to the basal diets. 
An analysis of variance of 21 day chick weights revealed 
highly significant differences in growth rate of the 11 lots 
of chicks in Experiment I. An analysis of the data for three 
lots that showed no deficiency symptoms (basal diet v/ith 50 
micrograms thiamine plus 10 per cent Mackerel or Tuna fish 
meals) ahovfed highly significant differences in grovjth rate. 
Comparing the two fish meals, it was found that 10 per cent 
Mackerel gave growth that was highly significant greater than 
the 10 per cent Tuna fish meal. 
An analysis of variance of the growth rate revealed non­
significant differences for the 16 different lota in Experiment 
II. Furthermore, no significant differences were observed when 
the 10 per cent Menhaden I, Tuna, Hj and Hjj fish products vfere 
compared. Nonsignificant differences in growth rate wore ob­
served when comparisons were made of Menhaden I and Tuna fish 
meals and the Hj and Hjj fish scraps. 
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No significant differences in rate of grov/th were ob~ 
served for the 17 lots in Experiment III, Hovjevor, when the 
lots that showed no thiamine deficiency symptoms vjere compared 
(basal diet //2 and basal diet fl2 plus 10 per cent Menhaden I 
and Tuna fish meals) highly significant differences in growth 
rate v/ere found. Furthermore, the basal diet plus 10 per cent 
Menhaden I fish meal gave a highly significantly greater rate 
of growth than the 10 per cent Tuna fish meal. Comparing the 
data for lots fed thiamine levels of 40, 50 and 60 micrograms 
showed nonsignificant differences in growth rate. 
Considering all 24 lots in Experiment IV, and all the 
lots that developed no thiamine deficiency symptoms, the 
analysis of variance test revealed highly significant differ­
ences in rate of growth. It was observed that there v;ere no 
significant differences in the grov^th rate vihen 10 and 20 per 
cent Menhaden I and Tuna fish meals v;ere added to the basal 
diet. Furthermore, a comparison of the 10 per cent Menhaden 
I and Tuna fish meals and the 20 per cent Menhaden I and Tuna 
fish meals showed nonsignificant differences in rate of chick 
growth. The analysis revealed no significant differences in 
the rate of growth resulting from tho feeding of basal diet 
#2 and //3. 
The analysis of variance of 21 day chick v/eights for all 
lots of Experiment V revealed a significant difference in the 
rate of chick grovfth. However, a comparison of the rate of 
growth in tho lots that shoived no thiamine deficiency symptoms 
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rovealed nonalgnifleant differoncas in the rate of growth 
vfhon tho chicks wore fod basal diet #3 supplemented with 80 
to 200 micrograms thiamine per 100 graxas diet, Coiiiparing tho 
rate of grovrth produced in the lots that were fed the basal 
diet plus 10 per cent Anchovy, toclcerel. Menhaden I, II, III, 
Sardine and Tuna fish meals and Hj and Hjj fish scraps, it 
vfas found there were no significant differences. A comparison 
of the chick growth in the lots that resulted in no thiajnine 
deficiency symptoms (10 per cent Hj]- fish scrap and Menhaden 
I fish meal) revealed that there v/ere no significant differ­
ences in rate of grov/th. 
Results of this study have revealed that the modified, 
purified diet can be successfully used in support of the chem­
ical test in detection of thiamine-inactivating substances. 
No complicated dietary deficiencies were encountered and good 
growth was obtained. The use of a thiamine-free, purified 
diet of this typo eliminates need of autoclaving the natural-
type diets J it also provides a more controlled and uniform 
diet for research studies. Furthermore, the diet produces 
typical thiamine deficiencies vrithin seven to 10 days, which 
is much sooner than a polished rice diet. 
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CONGLUSIONS 
1. Observed thiamine deficiency symptoms of the chick 
progress through the following three stages: 
1« Listlessnoss, droopiness, ruffled plumage, 
emaciation and mild incoordinated tremorous 
movements of the head and legs. 
2« Stiffness of the leg joints, retraction of 
the head, backv/ard cartiirheeling and labored 
breathing. 
3. Severe opisthotonos v/ith the chicks falling 
over onto their sides and unable to right 
themselves J eventually they reach a state of 
exhaustion, 
2. Thiamine requirement of the chick vfas found to vary 
with type of basal diet used, and was found to be influenced 
by the following factors: 
1. Kind of protein used, 
2, Type of carbohydrate used. 
3, Use of a purified or natural diet. 
4. Addition of Carp viscera. 
3. The commercial fish meals and fish scraps used in 
this study did not alter the thiamine requirement of the 
chick. V 
\ 
\ 
4. Addition of 10 and 20 per cent coinmercial fish meals 
accelerated growth rate with all three basal diets fodj how­
ever, the addition of 10 and 20 per cent unheated, ground Carp 
viscera retarded growth rate. 
5. Unheated Carp vis sera contains a factor or factors 
destructive to thiamine in a diet. Heating Carp viscera for 
15 minutes in a hot water bath at 100° C. destroys the de-
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structiv© factor or factors, 
6, The modified, purified basal diet gives good results 
for use as a biological test with the chick for thiamine 
studies. 
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SUMMIIY 
This roaoarch problem v;as undertakon to study tho off acta 
of feeding various commercial fish raoals, heated and unhsated 
Carp tissue, various vegetable protein sources and a diet con­
sisting of a single source of supplementary protein as com­
pared vfith a diet composed of throe sources of supplementary 
protein upon thiamine requirements and development of the 
chick. In addition, an attempt was made to devise a purified 
diet for thiamine deficiency studies and observe the effects 
of feeding thia diet upon thiamine requirement and development 
of the chick. 
The investigation involved using modifications of basal 
diets reported by Arnold and Elvehjem (1933) and Jukes and 
Stokstad (1946). 
Results of this investigation revealed that observed 
thiamine deficiency symptoms wore, for the most part, in agree­
ment ;vith those previously reported in the literature. Time 
of onset of tho deficiency symptoms was found to be seven to 
10 days vfith the control diets as well as with the basal diet 
/r3 containing added thiamine and unheated Carp viscera. The 
time of onset for the other diets depended upon the level of 
thiamine present in the diet, but symptoms generally occurred 
botv/een the tenth and twentieth day. They v/ere limited to 
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only a few of the chicks per lot. 
Recovery time for the deficient chicks folloviing oral 
administration of thiamine ;vas found to vary with the quantity 
given and on the degree of the deficiency; for the most part 
it was rapid, varying from one to five hours with an average 
of approxiinate3.y three hours. 
Thiamine requirements were observed to vary v/ith type of 
basal' diet used, and ranged from 50 to 80 micrograms thiamine 
per 100 grams of diet for basal diet #1, 30 to 60 micrograms 
for basal diet ii'Z and 80 micrograms for basal diet //3» 
It was found that the kind of protein and carbohydrate 
used in formulating the diet had a marked influence upon thia­
mine requirement of the chick. 
Under the conditions of this study, it was found that the 
samples of the various fish meals and fish scraps uaod did not 
appreciably influence the thiamine requirement of the chick. 
An analysis of variance teat shov/ed significant difference 
in grov/th rate of the chicks fed the various diets in EJiperiment 
I, It was found that the Mackerel fish meal gave significantly 
better growth than Tuna, There were no significant differences 
in chick growth obtained by the various diets used in Expei-i-
ment II, No significant difference in rate of growth vras ob~ 
served for the various diets used in Experiment IIIj however, 
testing the lots that evidenced no thiaioine deficiency, highly 
significant differences were found; in addition. Menhaden I 
fish meal gave a highly significant better growth rate than 
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Tuna, Highly significant differences in rate of growth vfere 
obtained in the various lota in Experiment IV; hov/over, no 
significant differences wore found with the 10 and 20 per cent 
Menhaden I and Tuna fish meals, or v^ith the 10 per cent Men­
haden I and Tuna or the 20 per cent Monhaden I and Tuna fish 
meals. A significant difference in chick grov;th for the 
various diets v;as obtained in Experiment Vj however, there 
v;ere no significant differences in the lots that showed no 
thiamine deficiency and received variable levels of thiamine 
or different fish products. 
The modified, purified diet was found to give good re­
sults as a test diet for use in support of the chemical test 
in detection of thiamine inactivating substances. It is be­
lieved this diet will be of use in carrying further the thia-
mine-destroying studies. 
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Table X 
Composition of the Experimontal Diets — Experiment I 
Diet N 
Ingredients 0 1 2 3 4 
53.0 53.0 53.0 • 50.7 4S.4 5 
25.0 25.0 25.0 25.0 25,0 2 
16.0 16,0 16,0 8,3 0,6 
2,0 2,0 2,0 2,0 2,0 
1,0 1.0 1,0 1.0 1,0 
1,0 1,0 1,0 1,0 1,0 
1.0 1,0 1,0 1,0 1,0 
1,0 1,0 1,0 1,0 1,0 
10,0 20,0 
•'^Yollow corn, ground 
•'"•Wheat shorts, gray 
*Casein, crude commercial 
Liver, vacuum desiccated 
*Salt, iodized 
Ca COo 
Ca3 (P04)2 
Cod-liver oil 
Anchovy fish meal 
Mackerel fish meal 
Sardine fish meal 
Tuna fiah meal 
Totals 100.0 100*0 100,0 100,0 100,0 1 
Manganese sulfate 0,05 0,05 0,05 0,05 0,05 
Thiamine (p.g,/lOO gma, diet) 0 50 80 50 50 
•''"Autoclaved 5 hrs, at 15 lbs, pressure 

Lots — Experiment I j 
I 
Diet Ko«, 1 
1 2 3 4 5 i 6 7 8 9 10 
53.0 53.0 • 50.7 48.4 51»0 ! 49.0 50.6 48.2 49.1 45.1 
25.0 25.0 25.0 25.0 25i0 ' 25 .0  25.0 25.0 25.0 25.0 
16.0 16.0 8.3 0.6 8.0 8.4 0.8 9.9 3.9 
2.0 2.0 2.0 2.0 2*0 2.0 2.0 2.0 2.0 2.0 
1.0 1.0 1.0 1.0 1,0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1,0 
1.0 1.0 1.0 1.0 1,0 i 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 i 1.0 1.0 1.0 1.0 1.0 
10.0 20.0 
10.0 20.0 
10.0 20.0 
10,0 20.0 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 
0.05 0.05 0.05 0.05 0 .05  0.05 0.05 ,0.05 0.05 0.0 
50 80 50 50 50  50 50 50 50 50 
are 

Table II 
Composition of the Experimental Diets — Experinient II 
Diet Eo. 
Ingredients 1 2 3 4 5 **6 
•^ Yellow corn, ground 34.5 34.5 34.5 34.5 44.5 44.5 
•^ Wheat shorts, gray 25.0 25.0 25.0 25.0 25.0 25.0 
•^Casein, crude conuaercial 8.5 8.5 8.5 8.5 8.5 8.5 
•^ Gorn gluten meal 7.9 7.9 7.9 7.9 7.9 7.9 
S^oybean oil meal 7.9 7.9 7.9 7.9 7.9 7.9 
Liver, vacuum desiccated 2.0 2.0 2.0 2.0 2.0 2.0 
•s^ Ha CI 1.0 1.0 1.0 1.0 1.0 1.0 
Ca COo 1.0 1.0 1.0 1.0 1,0 1.0 
Ca (P04)2 1.0 1.0 1.0 1.0 1.0 1.0 
Cod-liver oil 1.0 1.0 1.0 1.0 1,0 1.0 
Choline 0.2 0.2 0.2 0.2 0.2 0,2 
Menhaden I fish meal 10.0 
Tuna fish meal 10.0 
Hj fish scrap 10.0 
Hii fish scrap 10.0 
Totals 100.0 100.0 100.0 100.0 100.0 100.0 
Manganese sulfate 0.05 0.05 0.05 0.05 0.05 O.Oi 
Calcium pantothenate (14 iig./g^a. diet) 1400 1400 1400 1400 1400 1400 
Thiainine A=60 }ig,/lOO gms, diet 60 60 60 60 60 60 
B=70 p.g./lOO gms. diet 70 70 70 70 70 70 
C=80 jig,/lOO gms. diet 80 80 80 80 80 80 
*Autoclaved 5 hrs, at 15 lbs. pressure 
"»5^ Unauto claved basal diet #2 
Table III 
Composition of the Experimental Diets — Experiment III 
Diet Ko, 
Ingredients 
1 2 3 4 4-A 5 6 7 
*Yellov7 corn, ground 44.5 27.5 44.5 44.5 34.5 44.5 34.5 34.5 
•"^ Wheat shorts, gray 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25,0 
*Casein, crude commercial 3,5 - 8,5 S.5 S.5 8.5 8.5 8,5 8,5 
•^ Corn gluten meal 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 
•^ Soybean oil meal 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 
Liver, vacuum desiccated 2.0 2.0 2,0 2.0 2,0 2,0 2,0 2.0 
*Na CI 1,0 1.0 1.0 1,0 1.0 1.0 1.0 1,0 
Ga COo 1,0 1.0 1.0 1.0 1.0 1,0 1,0 1,0 
Cag (PO, )2 
Cod-liver oil 
1.0 1.0 1.0 1,0 1,0 1,0 1,0 1.0 
1.0 1.0 1.0 1.0 1,0 1,0 1,0 1,0 
Choline 0,2 0,2 0,2 0.2 0,2 0,2 0,2 0,2 
Yitamin-test casein 7.0 
Gelatin 10,0 
Menhaden I fish meal 10.0 
Tuna fish meal 10.0 10.0 
Totals 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100.0 
Folic Acid (2,5 }xg,/gm,) 250 
Riboflavin (3.25 ) 325 
Manganese sulfate 0,05 0,05 0.05 0,05 0,05 0.05 0.05 0,05 
Calcium pantothenate (14 jig./g^a,} 1400 1400 1400 1400 1400 1400 1400 1400 
Thiamine A=:20 |ig,/lOO gms. 20 20 20 
B=30 }ig./lOO gms. 30 30 30 
G=40 ng./lOO gms. 40 40 40 
D=50 pg./lOO gms. 50 50 50 
E=:60 }ig./lOO gms. 60 60 60 60 60 
*Autoclaved 5 hrs. at 15 lbs, pressure 
Table IV 
Composition of the Experimental Diets — Experiment IV 
Diet No. 
Ingredients 1 2 3 4 5 
44.1 34.1 24.1 34.1 24.1 
25,0 25.0 25.0 25.0 25.0 
8.7 8.7 S.7 8.7 8.7 
8,0 8,0 8,0 8.0 8.0 
8,0 8,0 8.0 8.0 8.0 
2,0 2,0 2,0 2.0 2.0 
1.0 1,0 1.0 1.0 1.0 
1.0 1,0 1.0 1.0 1.0 
1.0 1,0 1.0 1.0 1.0 
1.0 1,0 1.0 1.0 1.0 
0,2 0,2 
10.0 
0,2 
20.0 
0.2 
10.0 
0.2 
20.0 
*Tellow corn, ground 
•^Wfaeat shorts, gray 
*Casein, crude coininercial 
^Corn gluten meal 
^Soybean oil meal 
Liver, vacuum desiccated 
CI 
Ca CO 3 
Ca^  (?0j^ )2 
God—liver oil 
Choline 
Menhaden I fish meal 
Tuna fish meal 
Totals 
Manganese sulfate 
Calcium pantothenate (14 }ig*/gs.) 
Thiamine A= 0 {ig./iOO gms. 
B=20 }ig./lOO gms, 
C=30 iig./lOO gms, 
D=40 (ig./lOO gms, 
2=50 {ig,/lOO gms. 
100.0 100.0 100.0 100.0 100.0 
0.05 0.05 0.05 0.05 0,05 
1400 1400 1400 1400 1400 
0 0 0 0 0 
20 20 20 20 20 
30 30 30 30 30 
40 40 40 40 40 
50 50 50 50 50 
•^Autoclaved 5 hrs, at 15 lbs, pressure 
^See Table V 
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Tabl© V 
Composition of the Experimental Diets — Experiment V 
Ingredients 
Expt.IV 
6 1 2 
Protein: Vit-test casein 18. 00 18. 00 18. 0 
Lactalbumin 8. 40 8. 40 8. 4 
Amino acid suppl. 1. 45 1, 45 1 .4 
Carbohydrate: Dextrin 26, 06 26. 06 26, .0 
Dextrose 26 .06 26. 06 26 .0 
Fat J Corn oil (Mazola) 3 .00 3. 00 3 .0 
Choline 0 .20 0. 20 0 .2 
Fiber: Kuffex 5 .00 5 .00 5 .0 
Minerals 11 .56 11 .56 11 .5 
Fat soluble vitamins 0 .14 0 .14 0 .1 
Water soluble vitamins 0 .13 0 .13 0 .1 
Anchovy fish meal 
Hj fish scrap 
Hil fish scrap 
Mackerel fish meal 
Menhaden I fish meal 
Menhaden II fish meal 
Menhaden III fish meal 
Sardine fish meal 
Tuna fish meal 
Casein, crude commercial 
Corn gluten meal 
Soybean oil meal 
Totals 100.00 100«00 100 C 
Thiamine (ng./lOO gms. diet) 0, 20, 40, 60, 80, 100 0 . 40 

, • • 
8-M;riVr,:a;sBSssi 
Diet Wo. 
2 3 4 5 6 7 8 9 10 1 
3 18,00 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18 
) 8.40 8.40 8.40 8.40 8.40 8.40 8.40 8.40 8.40 8 
? 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1 
6 26.06 26.06 26.06 26.06 26,06 26.06 26.06 21.06 21.06 21 
6 26.06 26,06 26.06 26.06 26.06 26.06 26.06 21.06 21.06 21 
0 3.00 3.00 3.00 3,00 3.00 3.00 3.00 3.00 3.00 3 
0 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 C 
0 5.00 1 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00. 5 
6 11.56 1 11.56 11.56'  11.56 11.56 11.56 11.56 11.56 11.56 11 
4 0.14 1 0.14 0.14 • 0.14 0.14 0.14 0.14 0.14 0.14 C 
3 0.13 i  0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 c 
1 10.00 f 10.00 
IC 
)0 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00 100.00 10 
40 60 80 100 140 180 200 80 80 8 

11 12 • . 13 14 _15 U 17 18 19 
18.00 
8.40. 
1.45 
21,06 
21,06 
3.00 
0.20 
5 . 0 0  
11.56 
0.14 
0.13 
18.00i: 
8.401 
1.45? 
21.06; 
21,06. 
3.00: 
0 .20 '  
5 . 0 0  
11.56 
0.14 i 
0.13 
18.00 18,00 18.00 18,00 18.00 18,00 18,00 
8.40 8,40 8.40 8.40 8.40 8.40 8.40 
1.45 1.45 1.45 1.45 1.45 1,45 1.45 
21.06 21,06 21.06 21,06 21,06 21.06 21.06 
21.06 21.06 21.06 21.06 21,06 21.06 21.06 
3.00 3.00 3.00 3.00 3.00 3.00 3.00 
0.20 0.20 0.20 0,20 0,20 0,20 0.20 
5.00 • 5 .00 5.00 5.00 5.00 5.00 5.00 
11.56 11.56 11.56 11,56 11,56 11.56 11.56 
0.14 0.14 0.14 0.14 0,14 0.14 0.14 
0.13 0.13 0.13 0,13 0,13 0.13 0.13 
10.00 
10.00 
10.00 
10.00 
10,00 
10.00 
10.00 
10.00 
10.00 
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 1 
80 80 80 80 80 80 80 80 80 

Table 11 
Composition of the Experimental Diets — Experiment VI 
Di et 
Ingredients 12 3 
Protein: Vit.-test casein 18.00 18.00 18.00 
Lactalbumin 8.40 8.40 8.40 
Anino acid suppi. 1.45 1.45 1.45 
Carbohydrate: Dextrin 21.06 21.06 16.06 
Dextrose 21.06 21.06 16.06 
Fat: Corn oil (Mazola) 3«00 3.00 3.00 
Choline 0.20 0.20 0.20 
Fiber: Huffex 5.00 5.00 5.00 
Minerals 11.56 11.56 11.56 
Fat soluble vitamins 0.14 0.14 0.14 
Water soluble vitamins 0.13 0.13 0.13 
Heated Carp viscera 10.00 
Unheated Carp viscera 10,00 20.00 
Totals 
Thiamine (}ig./lOO gms, of diet) 
100.00 
100 
100.00 
100 
100.00 
100 
Table YII 
Modified Purified Diet for the Chick 
Ingredieiits Per cent of Each 
Protein (27, 
Casein 18.0 
Lactalboisin 8,4 
Cyatiae 0,4 
Arginin© • HCl 0,25 
Glycine 0,8 
27.S5 
Carbohydrate (52»12^) 
Bextrin 26.06 
Dextrose 26,06 
52.12 
Fat 
Corii Oil (to carry fat soluble vitamns) 3.0 
Choliae 0,2 
Fiber (Stiffex) 5.0 
mnsrals (11.5562$) 
'S3.2'?0L 1.5 
K^SBOt l.S 
Ca Lactate 5.0 
Ga CO^ 2.3 
Mn SO4 • 4H2O 0.05 
Ferric Citrate 0.05 
Ou SO. • 5H2O 0.002 
Ai«f30». . IB HoO 0.Q016 

Fiber (Suffex) 
mnerals (11.5562^) 
KE^ P Oi^  
EgHPoJ 
Ca Lactate 
Ga CO3 
 ^ • 4E2O 
Ferric Citrate 
Ca SO. • 5H2O 
1^2(304)3 • 3.3 HgO 
Zinc Acetate 
Fotassium Iodine 
Cobait G&loride 
Hickel Chloride 
Sodium Chloride 
Mg SO4 
?itac!iiis 
Fat Soluble ^itaisLas (0,1354) 
?it. A (90^6, lO^c^carotene) 
Yit. D (Delsterol 900.000 A.O.A.C 
?it, S ( Tocopherol) 
Vit, E (Menadione) 
Water Soluble Titasins (0.12751) 
Biotln 
Folic Acid 
Inositol 
Pantothenic Acid 
Para Ajaino Benzoic Acid 
Pyridojsine 
Niacin 
Blboflavin 
5.0 
1*5 
l.S 
5.0 
2.3 
0,05 
0.05 
0.002 
0.Q016 
0,0014 
0.0006 
0.0004 
0.0002 
0.60 
0.25 
11.5562 
0,0009 
units/lb.) 0.1000 
0.0340 
Q.QOO5 
0,1354 
0.00001 
0.00050 
0.10000 
0.00500 
0.01500 
0.00100 
0,00500 
0.00100 
0.12751 

Jable VIII 
Suxainarisation of Frotoin. Content of Chick Diets Used 
(Par cent) 
Diet 
Sxperiiaeut So* 
2-
10$ ^ una fish 
Basal #1 
Basal #2 
Basal 03 
Autoelaved basal #2 
Autoclared basal #2 
seal 
Basal #2 + 17% Tit,-test casein 
10^ gelatin 
Basal #2 "r 325 riboflaTin 250 
folic acid 
Basal #1 10% Anchoiry fisii aeal 
Basal #3 + 10$ Anchovy fisii aeal 
Basal #1 -f 20^ Anchory fish aeal 
Basal #2 + 10$ Ej fish scrap 
Basal #3 10$ Ej fish scrap 
Basal #2 + 10^ Hjj fish scrap 
Basal #3 10^ Hu fish scrap 
Easal #1 + 10^ Mackeral fish iseal 
Basal #3 -t 10^ ^ ckerel fish seal 
+ ZQ% i^ackeral fish jaeal 
t 10^ Menhaden I fish seal 
+ 10^ Menhaden 
20^ Henhaden 
Basal #1 
Basal #2 
Basal #3 
Basal #2 
Sasal jr3 
Basal #3 
Basal #1 
Basal #3 
Basal #1 
I fish seal 
4- /0 M I fish laeal 
+ 10^ Meiihaden II fish raeal 
-5- 10^ Menhaden III fish -aeal 
+ lOJfc Sardine fish meal 
+ lOJo Sardine fish meal 
•s- 20% Sardine fish meal 
26,0 
26.1 
25 »e 
26.S 
26.5 
t 4?«4 
27.2 
27.1 
9 A. 7 
24.9 
25.0 
30.0 
30.0 
30.3 
24.9 
25*0 
35.3 
41»6 
24.9 
30.3-
24.9 
23.7 
30*3 
35*7 
23.7 
27.5 
27.6 
27.Q" 
27.5 
27.7 
27.9 
26^1 
27.5 

Autociayed b&sal #2 
AutocXa-ved basal #2 105^ Tuna fish 
meal 
Bafsal #2 + X']% casein 
10^  gelatin 
Basal #2 + 325 riboflavin + 250 
folic acid 
Basal #1 -i- 10^  Anchovy fish laeal 
Basal #3 -J- 10^ Anchovy fish aeal 
Basal #1 -r 20^ Anchovy fish aeal 
Basal #2 + 10^' Hx fish scrap 
Basal #3 + 10^ Hj fish scrap 
Basal, #2 + 10^ Hij fish scrap 
Basal #3 + 10$ Hjj fish scrap 
Basal #1 •{• 10^ Mackerel fish seal 
Basal #3 + 10;^ Mackerel fish meal 
Basal #1 + 20^ Mackerel fish aeal 
Basal #2 t 10^  Menhaden I fish laeal 
Basal #3 * 10^ Ifenhaden I fish meal 
Basal #2 + 20^ Menhaden i fish meal 
Basal #3 + 10^  Maahadenll fish aeal 
Basal #3 + 10^ Senhaden III fish aeal 
Basal #1 + lO^ fc Sardine fish jaeal 
Basal #3 + 10^  Sardine fish meal 
Basal #1 + 20^ Sardine fish aeal 
Basal #1 + 10^  Ttina fish aeal 
Basal #2 + 10% Tuna fish seal 
Basal #3 -s- 10^  funa fish laeal 
Basal #1 + 20^  Tana fish- aeal 
Basal #2 + 20^ funa fish meal 
Basal #3 + lOjS Crude Goamercial casein 
Basal #3 10^ Corn gluten meal 
Basal #3 10^ Soybean oil meal 
Basal #3 + 105^ Heated Carp visqera 
Basal #3 + 10^ iJnheated Carp viscera 
Basal #3 + 2Q% Unheated Carp viscera 
26.1 
25. S 
26.8 
26.5 
27.2 
27.1 
26.7 
27.0 
25-0 
30.0 
30.0 
30.3 
29.6 
25*0 
35.3 
41.6 
24*9 
30.3 30.3 
35-7 
29.S 29.S 
34.3 
27.5 
27. 6 
27.0 
27.5 
27.7 
27.9 
26.1 
27.5 
26.5 
2S.7 
24.9 
25.2 
I i-» 
-p-
i 
28.8 
27.9 
32.4 
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Table IX 
Summarization of Protein and Moisture Content of Individual 
Ingredients Used in Chick Diets 
Per cent 
Ingredient Protein Moisture 
Anchovy fish meal 71.0 2.7 
Hj fish scrap 60.0 6.8 
Hji fish scrap 60.4 7.1 
Mackerel fish moal 73.5 6.9 
Menhaden I fish meal 63.6 7.4 
Menhaden II fish meal 66 • 2 6.8 
Menhaden III fish meal 65.8 6.8 
Sardine fish meal 74.9 7.3 
Tuna fish meal 58.0 7.5 
Corn gluten meal 47.8 7.9 
Crude commercial casein 89.2 9.1 
Soybean oil meal 47.9 10.2 
Dried desiccated liver substance 67.2 4.7 
Ground yellov; corn 9.3 13.5 
Wheat gray shorts 18.5 11.6 
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Table X 
SuxoBiarizat-lon of Moiature Contonb of Diets Used 
Diet 
Basal diet //I 
Basal diet //2 
Basal diet rf2, Una ut 
Basal diet 
Basal diet #1 + 10% 
Basal di et #3 + 10% 
Basal diet ill + 20% 
Basal diet //2 + 10^ 
Basal diet n + 1058 
Basal diet //2 + 10^ 
Basal diet #3 + 10^ 
Basal diet #1 + 10^ 
Basal diet #3 + 10^ 
Basal diet #1 + 20% 
Basa 1 diet //2 + 10^ 
Basal diet #3 + 10^ 
Basal diet //2 + 20^ 
Basal diet 7^ 3 + 10^ 
Basal diet //3, + 10% 
Basal diet ^1 + 10% 
Basal diet ih 10% 
Basal diet //I + 20% 
Basal diet #1 + 10% 
Basal diet n + lOjS 
Basal diet //3 + lOjU 
Basal diet //I + 20^ 
Basal diet #2 + 20^ 
Basal diet #3 + lOJfi 
Basal diet fr^  + 10^ 
Basal diet #3 + 10^ 
Basal diet { f 3  + 10,« 
Basal diet #3 + lOJg 
Basal diet //3 + 2052 
oclaved 
Anchovy 
Anchovy 
Anchovy 
Hj fish 
Hj fish 
Hjj fish 
Hix fish 
Mackerel 
Mackerel 
Mackerel 
Menhaden 
Menhaden 
Menhaden 
Menhaden 
Menhaden 
Sardine 
fish meal 
fish meal 
fish meal 
scrap 
scrap 
scrap 
scrap 
fish meal 
fish meal 
fish meal 
I fiah meal 
I fiah meal 
I fish meal 
II fish meal 
III fiah meal 
fish meal 
Sardine fish meal 
Sardine fish meal 
Tuna fish meal 
fiah 
fish 
fish 
fish 
meal 
meal 
meal 
meal 
Tuna 
Tuna 
Tuna 
Tuna 
Crude cojiimercial casein 
Corn gluten meal 
Soybean oil meal 
Heated Carp viscera 
Unheated Carp viscera 
Unhoated Carp viscera 
Per cent 
8.,9 
7.0 
7.7 
9.1 
9.2 
10.2 
8 . 8  
7.7 
9.5 
7.7 
9.6 
9.2 
10,3 
8.0 
7.6 
11.8 
6.9 
11.5 
9.7 
7.9 
10,7 
8,2 
8.1 
7.6 
11.7 
7.6 
6.3 
9.6 
10.7 
13.2 
11.5 
16.7 
20.3 
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Table XI 
Analysis of Variance of 21 Day Chick VJeighta 
Experiment I 
(All Lots) 
Source of Degrees of Sum of 
variation freedom squares Mean square 
Total 99 134,792 
Lots 10 106,430 10,463-:Ht 
V/ithin lots 89 28,362 319 
(Ko Thiamine Deficiency — Basal Diet ?^l+80 ug. Thiamine 
/lOO gms ."J Basal Diet //l + 50 pg. Thiajiiine + lOjS Macker-
el and Tuna Fish Moals) 
Source of Degrees of Sum of 
variation freedom squares Mean square 
Total 29 lQ,h2B 
Lota 2 4 f 868 2,434^^^ 
V/ithin lots 27 5,560 206 
(No Thiaiaine Deficiency — Basal //I + 50 ng. Thla;nine 
/lOO gms, + 10^ liackerel and Tuna Fish Meals) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares Mean square 
Total 19 5,757 
Lots 1 3,225 3,225"^^^^ 
Within lots 18 2,532 141 
'^^•"•Highly significant 
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Table XII 
Analysis of Variance of 21 Day Chick Weights 
Experiment II 
(All Lots) 
Source of 
variation 
Degrees of 
freedom 
Sum. of 
squares Moan square 
Total 
Lots 
V/ithin lots 
135 
15 
120 
175,770 
27,688 
148,082 
1,846 
1,234 
(No Thiandno Deficiency — Basal Diet //2 + 10% Menhadon I 
and Tuna Fish Meals and 10^ Hj and Hjj Fish Scrap) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares Mean square 
Total 
Lots 
V/ithin lota 
35 
3 
32 
5,612 
634 
4,978 
211 
156 
(No Thiamine Deficiency — 
and Tuna Fish Meal) 
Basal Diet #2 + 10^ Menhadon I 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares Mean square 
Total 
Lots 
Within lots 
19 
1 
18 
1,127 
72 
1,155 
72 
64 
(No Thiamine Deficiency — 
Pish Scrap) 
Basal Diet + lOJ^ and 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares Mean square 
Total 
Lota 
V/ithin lots 
15 
1 
14 
3,948 
25 
3,923 
25 
280 
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Table XIII 
Analysis of Variance of 21 Day Chick Weights 
Experiment III 
(All Lots) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares Mean square 
Total 
Lots 
Within lots 
70 
16 
54 
25S,596 
74,257 
184,339 
4,641 
3 ,414 
(No Thiainine Deficiency Basal Diet 1^2 
#2 + 10^ Menhaden I and Tuna Fish Meals) 
and Basal Diet 
Source of 
variation 
Degrees of 
freedora 
Sum of 
squares Mean square 
Total 
Lots 
vathin lots 
49 
9 
40 
62,622 
35,572 
27,050 
3^952-5H(. 
676 
(No Thiaiaine Deficiency — 
and Tuna Fish Meals) 
Basal Diet #2 + 10^ Menhaden I 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares Mean square 
Total 
Lots 
IVithin lots 
9 
1 
8 
1,711 
1,188 
523 
1,188^<-* 
65 
(No Thiamine Deficiency Basal 
}ig, Thiamine/lOO gms. Diet) 
Diet #2 + 40, 50 and 60 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares Mean square 
Total 
Lots 
vVithin lots 
14 
2 
12 
7,736 
2,202 
5,534 
1,101 
461 
•^•''•Highly significant 
fable 21? 
Analysis of ¥ariance of 21 Day Chick V/eighta 
ISsperxjaent IV 
(All Lots) 
Source of variation Degrees of freedoa Sum of squares Mean square 
Total 91 • 113,939 
Lots 23 67,306 2,926-5^«^ 
Within lots 6S 46,6S3 687 
(iJo Thiamine Deficiency — Basal Diet #2 and Ba.sal j^2 "5" 10 and 2,0% Menhaden I 
and 10 and 20^ Tuna Fish Meals) 
Source of variation Degrees of freedom Sum of squares Jlean square 
Total 59 62,627 
Lots U 32,S40 2,985-»-S-
Within lots 43 29,73? 621 
(So Thiasine Deficiencj — Basal Diet. #2 + 10 and 20% Menhaden I Fish Meal) 
Source of variation Degrees of freedojji SUJ2 of squares Mean square 
Total 9 8,458 
Lots 1 2,073 2,073 
Within lots 8 6,385 79S 

PQ%S ^ ^ 
W±thxn lots 8 6,385 798 
(So Thiamine Deficiency —• Basal Diet #2 + 10 and 20^ Tuna Fish Heal) 
Source of variation Degrees of freedoia Sam of squares Sean square 
Total 
Lots 
Witiiln lots 
9 
1 
8 
3^720 
?06 
3,014 
706 
377 
{No Thiamine Deficiency — Basal Diet #2 + 10^  Menhaden I and Tuna Fish Meal) 
Source of variation Degrees of freedom Sua of squares Sean square 
fotal 
Lots 
Within lots 
£) r 
• 1 
B 
5,515 
S4 
5,431 
84 
679 
(No Thiajaine Deficisncy — Basal Diet #2 + 20^ Menhaden I and Tuna Pish Meal) 
Source of variation Degrees of freedom Sum of squares Mean square 
Total 
Lots 
TVithin lots 
9 
1 
8 
4,064 
96 
3,966 
96 
496 
(So Thiaraine Ssficiancy Gonparison of 3a sal Diet v'2 and #3) 
Source of variation Degrees of freedoiE SujH of squares Mean square 
Q 9,270 

Total 9 
lots 1 706 706 
Withifl lots S 3^014 377 
(Ho Thiaiiiine Deficiency — Basal Diet #2 -i- 10^  Mexshaden I and Tuna Fish Meal) 
Source of variation Segrses of freedom Sum of squares Sean square 
Total 
Lots 
Sithin lots 
9 
1 
8 
5,515 
Bk 
5,431 
84 
679 
(No Thiaiaine Deficiancy — Basal Diet #2 + 20^  Menhaden I and Tuna Fish Meal) 
Source of variation Degrees of freedom SuH of squares Mean square 
Total. 
Lots 
ITithin lots 
9 
1 
B 
4,064 
96 
3,96a 
96 
496 
(Ho Thiamiae Deficiency — Comparison, of Basal Diet #2 and #3) 
Source of variation Degrees of freedom Sue of squares Mean square 
Total 
Lots 
Within lots 
9 
x 
i 
9,270 
221 
9,049 
221 
113 
•^^Highly significant 
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Tablo XV 
Analysis of Variance of 21 Day Chick Weights 
Experiment V 
(All Lots) 
Source of Degrees of Sura of 
variation f reodoju squares Mean square 
Total 68 84,333 
Lots 18 35,372 1,965^^ 
V^ithin lots 50 48,961 979 
(Wo Thiamine Deficiency — Basal Diet ?/'3 + 80, 100, 140, 
180 and 200 Jig, Thiajiiine /lOO gma.) 
Source of Degrees of Sum of 
variation freedom squares Mean square 
Total 24 24,254 
Lots 4 2,594 649 
Within lots 20 21,660 1,083 
(Basal Diet //3 + 10!^ Anchovy, Hj, Hjj, Mackerel, Menhaden 
I, IX, Sardine and Tuna Fish Meals) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares Moan square 
Total 30 32,446 
Lots 8 13,658 1,707 
Within lots 22 18,788 854 
(No Thiainine Deficiency — Basal 7^3 + 10^ ^ 11 Fish Scrap 
and 10^ Menhaden I Fiah Meal) 
Source of Degrees of Sum of 
variation freedom squares Mean square 
Total 9 5,314 
Lota 1 688 688 
Vilithin lots 8 4,626 57^ 
Significant 
